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your ‘“SPHYG”’ 


TELLS THE 
CLINICAL STORY 


Pains is believing in the treatment of 
vascular hypertension. Your own sphyg- 
momanometer shows what Hepvisc can do 
in reducing blood pressure. 


Hepvisc is a synergistic combination of two 
useful hypotensive drugs; namely, hexani- 
trate of mannitol and viscum album extract. 
Clinical studies and also pharmacological 
tests on cats show substantial reductions of 
blood pressure with its use. 


Hypertensive headaches are relieved by 
Hepvisc. 


COMPOSITION 
Each tablet contains & 
mg. hexanitrate of 
mannitol and 50 mg, 
solid extract viscum al- 


bum. 

DOSAGE 
2 tablets three or four 
times daily as needed. 


Supplied in Bottles of 
50-500-1000 tablets. 


AVAILABLE AT ALL DRUG STORES 


Complete Literature and Professional Samples Sent upon Request 


75 VARICK STREET, NEW YORK 13, N. Y. 
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CLINICAL INTOXICATION WITH POTASSIUM: 
ITS OCCURRENCE IN SEVERE RENAL INSUFFICIENCY 


By NormMAN M. KEITH, 


M.D., 


AND 


Howarp B. BURCHELL, 
ROCHESTER, 


(From the 


Tue thought of potassium producing 
intoxication within the human body 
suggests a paradox. Why should the 
potassium ion, a normal ingredient of 
human necessary constituent 
of many body cells and the basic rad- 
ical of several useful therapeutic salts, 
become a toxic agent? More than 100 
years ago, however, it was learned that 
potassium salts, when injected rapidly 
into a vein of an animal, could cause 
toxic and fatal effects on the 
heart.* Arden! in 1934 also observed 
that after the ingestion of a very large 
dose of a potassium salt by a normal 
person, paresthesias developed in the 
extremities. Both these experimental 
findings suggested that a rapid increase 
of the concentration of potassium in 
the blood might be a factor in the 
development of toxic action. In 1938, 
Winkler, Hoff and. Smith®® devised and 
carried out fundamental injection ex- 
periments in animals, which clearly 
confirmed a direct relationship between 
a rapid rise of serum potassium and ab- 
normal alterations in the electrocardio- 
gram. Confirmation of a similar rela- 
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tion was made by Thomson **-** in 1939 
in a patient suffering from Addison’s 
disease. Thomson therefore cautioned 
against the administration of potassium 
salts in cases of Addison’s disease and 
subse "quently also advised restriction of 
their use in cardiac and renal disease. 

In 1932 a group of us became in- 
terested in the use of potassium salts in 
patients in whom edema had developed 
during the course of Bright's disease. It 
soon became evident that moderately 
large doses of potassium salts could be 
ingested by many of these patients 
without apparent toxicity.'* However, 
in 1939, we noted in a patient suffering 
from serious uremia, a correlation be- 
tween a rapidly increasing concentra- 
tion of potassium in blood serum and 
the development of distinctly abnormal 
changes in the electrocardiogram. In 
many respects these alterations in the 
electrocardiogram and serum concen- 
tration of potassium were comparable 
to the experimental results of Winkler 
and his associates'**° following intra- 
venous injection of a potassium salt. 
Our patient died within 24 hours of the 
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last observations and death was attri- 
buted to cardiac standstill due to potas- 
sium intoxication.’* It was significant 
that our patient at the time of these 
observations was ingesting very little 
food and no potassium salts. Two fac- 
tors seemed to be causing the rapid 
rise of the concentration of potassium 
in the serum: (1) the continuous pas- 
sage of potassium from stores in body 
tissues into the blood stream, and (2) 
decreased excretion by the kidneys. 

Similar results have been observed in 
patients suffering from uremia by Finch 
and Marchand and co-workers*:*:?* and 
by Bywaters.* In 1946 Govan and 
Weiseth" re ported potassium intoxica- 
tion in an infant who had summer 
diarrhea and was receiving therapeutic 
injections of potassium chloride. The 
changes in the electrocardiogram and 
serum concentration of potassium were 
very similar to those noted in cases of 
uremia. Fortunately, the cardiac dys- 
function was not irreversible and appli- 
cation of remedial measures soon re- 
sulted in the infant’s recovery. 

The relative rarity of the develop- 
ment of potassium intoxication even in 
severe uremia led us to inve stigate the 
potassium tolerance in a series of 10 
such cases.’° The interesting result of 
the study was that in only a single case 
did there deve lop temporary rations 
in the electrocardiogram which were 
indicative of potassium intoxication. A 
few patients complained of paresthesias 
in the extremities. On the other hand, 
in 1 case the curve of the serum potas- 
sium was normal. This latter result, in 
addition to other facts observed in 
cases in which uremia had developed, 
affords considerable evidence that at 
times in uremia the tissue stores of 
potassium may be reduced. 

During a period of 7 years, October or, 
1939, through Se -ptember, 1946, a group 
of us were directing the care and treat- 
ment of a considerable number of 
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patients who had renal disease and 
uremia. In a small percentage of these, 
in fact 13 patients, hyperpotassemia 
was observed.'® In each patient, our 
studies included the degree of uremia, 
extent of hyperpotassemia, electrocardi- 
ographic tracings and effects of treat- 
ment. Necropsy of 10 of the patients 
also afforded a possible correlation be- 
tween observed dysfunction and path- 
ologic alterations in the heart. 

Up to the present time, studies of 
potassium intoxication have been chief- 
ly limited to its occurrence in Addi- 
son’s disease and Bright’s disease. Most 
of the reported cases of potassium 
toxemia and the 13 cases in the present 
series occurred during serious phases 
of renal insufficiency.?? Our chief aims 
in this report are to stress the definitive 
findings of potassium toxemia, to dis- 
cuss in some detail the abnormal elec- 
trocardiographic patterns and to indi- 
cate therapeutic measures that may 
possibly alter the toxemia. 

Methods of chemical analysis: In _ the 
present study the concentration of urea in 
whole blood was determined by the method 
of Van Slyke and Cullen?* and that of 
creatinine in whole blood was determined by 
the method of Folin.1°. The concentration of 
potassium in blood serum was determined 
by the method of Kramer and Tisdall?1 as 
modified by Osterberg in a majority of the 
patients. In our hands this modification has 
checked with gravimetric procedures. In a few 
patients the method of Hartzler was employed. 
The concentration of calcium in blood serum 
was determined by the method of Clark and 
Collip®. 

Clinical and chemical observations. 
Our series of 13 cases included acute, 
subacute and chronic forms of bilateral 
diffuse nephritis. All our patients died 
and the clinical diagnosis was con- 
firmed at necropsy in 10 cases. Uremia 
was always present when potassium in- 
toxication occurred. The hyperpotasse- 
mia (the concentration of potassium be- 
ing 7.7 to 10.5 milliequivalents per liter 
of serum) and characteristic electro- 
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cardiographic alterations were associ- 
ated with elevation of the concentra- 
tions of urea and creatinine in the 
blood. These varied from 74 to 540 
and from 4.1 to 31.3 mg. in 100 cc. of 
blood respectively (Table 1). Potassi- 
um salts were administered as diuretic 
agents to 3 of our patients, 2 of whom 
had edema, and toxic effects resulted. 
Small test doses of 5 gm. of potassium 
bicarbonate were ingested by 2 other 
patients. The subsequent effect of po- 
tassium was studied specifically with 
regard to the increase of serum potas- 
sium and possible changes in the elec- 
trocardiogram. The serum potassium 
increased to 8.6 to 9.5 milliequivalents 
per liter and in 1 patient the increase 
was accompanied by abnormal QRS 
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hands and feet of a few of our patients 
soon after they had ingested potassium 
salts. Our practice in a suspected case 
was to estimate the serum potassium 
and, if it was elevated, to obtain elec- 
trocardiographic tracings. However, in 
certain instances a chance electrocardi- 
ogram gave us our first evidence of in- 
toxication. Usually the hyperpotassemia 
and characteristic alterations in the 
electrocardiogram were of short dura- 
tion because in our patients they usual- 
ly occurred during the terminal stage 
of uremia. Time for instituting remedial 
measures was of necessity brief. By- 
waters* noted in his patients suffering 
from the crush syndrome that the 
administration of glucose solution and 
insulin temporarily bettered the elec- 


Paste 1|.—Porasstum INToOxicaTION IN 13 CAsEs or RENAL INSUFFICIENCY WITH UREMIA: CONCENTRA- 
TIONS OF CERTAIN CONSTITUENTS OF BLOOD 


Diagnosis® Patients Age, Bloodurea, Bloodcreatinine, Serum potassium, 
years mg. per 100 cc. mg. per 100 cc mEq. per liter 

Subacute glomerulonephritis 2 17 130—148 6.4 8.5-—8.6 

Chronic glomerulonephritis 7 20—55 150—540 4.1—31.3 7.7—10.5 

Acute pyelonephritis 1 43 332 17.5 7.8 

Chronic pyelonephritis 2 7-36 74-291 6.5—21.0 8.7—9.4 

Chronic passive renal congestion l 61 142 4.8 8.7 


*Pathologic diagnosis in 10 cases. 


complexes in the electrocardiogram, al- 
though in neither case did any serious 
symptoms or clinical signs of intoxica- 
tion develop. The implication is clear 
that the administration of potassium 
salts to patients who had severe renal 
insufficiency might be a dangerous pro- 
cedure. 

The detection of potassium intoxica- 
tion was sometimes difficult. There were 
no characteristic clinical signs of toxe- 
mia in our series and potassium intoxi- 
cation occurred at markedly different 
degrees of uremia. Finch and his asso- 
ciates**.*8 reported the occurrence of 
flaccid paralysis of the extremities in 2 
of their patients. Neither this symptom 
nor other objective neurologic abnor- 
malities were observed in our patients. 
We did, however, note the develop- 
ment of temporary paresthesias in the 


trocardiographic pattern. Finch and 
Marchand® also demonstrated that the 
electrocardiogram characteristic of po- 
tassium intoxication could be altered 
and approach a normal pattern after 
the injection of calcium salts or of a 
solution of sodium chloride. But if seri- 
ous renal insufficiency continued, the 
patterns of potassium toxemia recurred 
and the patient succumbed with the 
development of cardiac standstill. The 
case of the infant, reported by Govan 
and Weiseth,'! in which acute potassi- 
um intoxication developed, is a good 
example of the value of applying 
knowledge obtained during the termi- 
nal stage of a disease to the treatment 
of acute intoxication. In this instance 
the administration of calcium glucon- 
ate, glucose solution and a transfusion 
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of whole blood brought about a rapid 
recovery. 

For some years our usual treatment 
of patients suffering from severe uremia 
consisted of rather large daily intra- 
venous infusions of solutions containing 
glucose, sodium chloride, sodium _bi- 
carbonate and whole blood. Often tem- 
porary improvement followed their ad- 
ministration. In the light of the experi- 
ence of Bywaters,* of Finch and Mar- 
chand®® and of Govan and Weiseth,"! 
it is reasonable to suggest that the in- 
frequent occurrence of potassium in- 
toxication in our patients who had 
uremia might be because of the use of 
beneficial intravenous therapy. In addi- 
tion to routine intravenous medication, 
we studied the effects of calcium in 2 
patients. The immediate result was a 
remarkable change in the electrocardio- 
grams to a more normal configuration. 
Further studies along similar lines are 
contemplated. 

Electrocardiographic changes. Refer- 
ences have already been made to the 
important role that electrocardiography 
has played in the recognition of potas- 
sium toxicity both clinically and in the 
experimental laboratory. Though the 
potassium ion may play an important 
role in the membrane potentials of the 
myocardial fibers, it is surprising to a 
clinician that the electrocardiogram 
should be found to be such a sensitive 
indicator of changes in the environ- 
mental potassium of the heart. It should 
be emphasized that the sequence of 
electrocardiographic changes may be 
practically specific for potassium intoxi- 
cation, while any one electrocardiogram 
of the sequence might fall into the 
range of normal or be only suggestive. 

Unfortunately from the pharmaco- 
logic view point, it has not been possi- 
ble in the majority of patients with 
changing levels of serum potassium, to 
study the effect of this variable alone 
as, in particular, coexisting disturbances 
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of serum pH, serum sodium, serum 
calcium, serum phosphorous and car- 
bohydrate metabolism may be present. 
However, it would seem that the in- 
creases of T wave voltage in normal 
subjects!® and in some patients with 
renal disease following the ingestion of 
potassium salts'® are rather pure effects. 
From such studies it would be reason- 
able to assume that the opposite elec- 
trocardiographic effect seen with low 
serum potassium in familial periodic 
paralysis would be a pure effect. On the 
other hand, while the hypopotassemia 
of diabetic acidosis under treatment 
and the hyperpotassemia of Addison's 
disease assuredly contribute to electro- 
cardiographic changes, other variables 
are operative and the electrocardi- 
ograms may not be of the suggestively 
diagnostic type. In diabetic coma tre at- 
ed with large amounts of saline solution 
and insulin, cardiovascular effects may 
be outstanding in the pronounced hypo- 
potassemic crisis but the electrocardio- 
graphic sequences are often not charac- 
teristic. 

With the development of toxic con- 
centrations of serum potassium, the 
characteristic electrocardicgraphic 
changes are, in general, in the following 
order of appearance: (1) increased 
height of the T wave, with steeply as- 
cending and descending limbs produc- 
ing a T wave with narrow base and a 
pointed apex; (2) increased intraven- 
tricular conduction time—a QRS of in- 
creased width; (3) loss of P waves; (4) 
gross intraventricular conduction de- 
fects, the electrocardiogram superfic- 
ially simulating bundle-branch block; 
(5) cardiac arrest with irregular undu- 
lating potentials of low voltage. 

Figures 1 through 6 illustrate various 
electrocardiographic features of potas- 
sium intoxication. 

Cardiac irregularities of an atypical 
heart block form have been recorded 
by Marchand and Finch** but have not 
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been observed in our series of cases. 
There is a crude correlation between 
the late marked electrocardiographic 
abnormalities and the serum potassium 
levels but it is not felt that any definite 
electrocardiographic picture may be 
exactly predicted at a specific serum 
potassium level. The serum level of 
other cations, particularly calcium, is 
important and the electrocardiograms 
may return toward normal after injec- 
tion of calcium, the serum potassium 
remaining unchanged (Fig. 5, patient 
KR. D.). QRS widening has usually ap- 
peared betore loss of the P wave, some- 
times to rather a marked extent (Fig. 

patient T. L.). Whether the disap- 
pearance of the P wave is representa- 
tive of a true auricular standstill re- 
mains undetermined. 

The exact significance of the mark- 
edly widened QRS needs much further 
study. While most of our tracings of this 
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type and those of others simulate the 
picture of a right branch block, more 
detailed electrocardiographic evidence 
will need to be collected before conclu- 
sions that such a simple block was 
present are justified. It may be impossi- 
ble to make decisions on this matter 
without an endocardial or cavity poten- 
tial recording, which is attended by 
some difficulty in patients in a very ill 
sti ite. Our findings on the QT interval 

n hyperpotassemia are difficult to in- 
wenn because of the associated meta- 
bolic disturbances. The very long QT 
intervals have characteristically been 
associated with hypocalcemia, which 
relationship is a long-established 
one.**'*"" However, we have seen ab- 
normally high systolic indexes in pa- 
tients whose total serum calcium levels 
were normal and we tentatively hold 
the opinion that hyperpotassemia may 


PK S gm. KHCO3 at 8:48 am. 
I ‘ 
II = i 
\ 
! 
IVR PA 
T 
129-41 
8:40 am. 10:15 am. 11:48 am 
12-11-41 
Serum K mEq 6.8 8.6 8.5 8.0 
Blood Urea mg. 148 
in 100 cc. 


ric. 1. P. K. Electrocardiograms taken on a man aged 17 years who had subacute glomerulonephritis and 
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be a factor in prolonging the QT in- 
terval. 

Pathologic observations of the heart. 
(Anatomic examination of the heart was 
made in 10 cases. The actual weights 
varied from a high normal, 240 gm., to 
a rather marked hypertrophy, 740 gm. 
Visible pericarditis was present in 3 
cases. Coronary sclerosis was graded 
slight to 1 (on the basis of 1 to 4, in 
which 1 designates the mildest and 4 
the most severe condition) in 7 cases 
and was graded 2 in 3 cases. In a single 
case there was an acute inflammatory 
lesion of the mitral valve. Routine his- 


INTOXICATION WITH POTASSIUM 


heart. We and others have shown that 
acute fibrinous pericarditis, occurring 
so frequently during the course of ter- 
minal uremia, gives rise to distinctly 
different electrocardiographic changes 
from those due to potassium intoxica- 
tion.”°-24.25 Tt seems clear therefore that 
potassium can assert its toxic action on 
either normal or diseased cardiac tissue. 
Thus, our pathologic findings together 
with the experimental and 
clinical conclusions all support a toxic 
a functional 
rather than a structural alteration in 
the cells of the heart. 


known 
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Fic. 2. B. A man, aged 21 years, who had chronic glomerulonephritis.® 


tologic study of the tissues of the hearts 
revealed few and as a rule only minor 
pathologic changes. 

These rather striking variations of 
heart weight indicate that potassium 
produces its effect on the heart in a 
manner not closely correlated to the 
weight of the myocardium. The extent 
of sclerosis of the coronary arteries, 
even the most marked, grade 2, could 
not be interpreted as necessarily inter- 
fering with the blood supply to the 


Clinical and pathologic correlations 

with electrocardiographic findings. The 
tracings in Figure 1 show a characteris- 
tic progressive rise of T wave voltage 
which, with the rise of serum potassi- 
um, has not returned to the control 
level after 3 hours. Necropsy was done 
December 27, 1941, 18 days after elec- 
trocardiographic tracings were taken. 
The heart weighed 400 gm. There was 
sclerosis graded 2 of a single branch of 


®° Reproduced by permission of the authors and of the Journal of Clinica] Investigation 
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the coronary system, the left descend- 
ing artery. 

The man whose electrocardiograms 
are given in Figure 2 was the first pa- 
tient whose electrocardiographic rec- 
ords immediately suggested to us potas- 
The progressive in- 
creases of T wave voltage and of dura- 
tion of ORS are illustrated. In the last 
tracing a marked intraventricular con- 


sium intoxication. 
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It is to be noted that the first electro- 
cardiogram in Figure 3 is in the normal 
range in spite of the high level of serum 
potassium and the severe uremic state. 
although with the knowledge of the 
hyperpotassemia one might wonder it 
the QRS and T wave configurations 
had been altered by the high concentra- 
tion of potassium in the serum. Four 
days later T wave negativity in prac- 
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5-27-46 5-30-46 
Serum K mEq 9.6 7.7 7.8 
Serum Ca.mEq 3.5 3.5 
Blood Urea 300 290 332 
mg. in 100 cc. 
} Vv. A woman, aged 43 vears, who iad acute bilateral pyelonephritis Klectrocardiograms 


were taken the 


duction defect and absence of P waves 
are to be noted. In the lower graph. 
electrocardiograms of animals from the 
paper of Hoff, Smith and Winkler'™ 
show a comparable sequence of electro- 
cardiographic changes with increasing 
serum potassium levels. At necropsy in 
our case the heart weighed 740 gm. 
Definite acute fibrinous pericarditis was 
present. Coronary sclerosis was graded 

The wall of the left ventricle was 
grossly hypertrophied. 


patient 


during the fatal uremia 


tically all leads had appeared. The re- 
lationship of this change to the injec- 
tion of a calcium salt that was given 
and the decrease of serum potassium is 
not clear. The tracing taken about § 
hours before death, however, shows a 
very characteristic late pattern of potas- 
sium intoxication with loss of P waves 
and a greatly increased duration of the 
QRS complex. The tracing might per- 
haps be interpreted as right branch 
block but it is deemed unlikely that 
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such a topical defect would be related 
to the hyperpotassemia. At autopsy the 
heart weighed 385 gm. The coronary 
sclerosis was graded 2. There were indi- 
cations of very early pericarditis. The 
myocardium was normal except for a 
mild infiltration of the epicardial sur- 
face by plasma cells, lymphocytes and 
a few polymorphonuclear leukocytes. 
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tials are to be noted and, while in these 
tracings they might be suspected of be- 
ing secondary to the changes in the 
QRS deflections, they are believed to be 
probably primarily related to the high 
serum potassium levels. The intraven- 
tricular block has developed in this 
case at relatively low serum potassium 
levels and it is to be noted that it has 
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taken within a period of 2 weeks 


The first tracings in Figure 4 are of 
normal configuration. The succeeding 
2 show progressive increase of the du- 
ration of the QRS, with normal sinus 
rhythm being retained. The intraven- 
tricular block does not conform to a 
typical bundle-branch pattern in the 
precordial leads, although the incom- 
plete precordial exploration limits the 
extent of conclusions in this re- 
gard. The increased T wave poten- 


A man, aged 24 vears, who had chronic glomerulonephritis. “The 


> electrocardiograms were 


preceding his death with uremia 


progressed without further increment 
in serum potassium, these 2 features 
making the case unique in our expe- 
rience. At autopsy the heart weighed 
365 gm. Coronary sclerosis was graded 
1 and there was some hypertrophy of 
the muscle of the myocardium. 

The electrocardiographic tracings of 
the patient in the uremic state shown 
in Figure 5 illustrate the effect of cal- 
cium given intravenously and the re- 
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turn of the electrocardiogram toward 
normal concomitant with a decrease of 
serum potassium. The first tracing re- 
sembles right branch block except for 
the absence of an expected initial posi- 
tivity of the QRS complex in the right 
pre cordial tracing. Certainly, septa! 
infarction, which might have been sus- 
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markedly decreased and, except for an 
atypical CR-2, the tracing fits the elec- 
trocardiographic pattern commonly 
called left ventricular strain in our lab- 
oratories. This change occurred with- 
out any detectable change in the level 
of the serum potassium. 

The tracings the following day still 


RD 
f 
II 
111 | Wt 
| 
CR2 | 
| 
| 
| 
CRS 
LI 
4-19-46 4-19-46 4-20-46 4-20-46 
AM. AM. PA. 
35 min. after 20 min. after 
1.V..09 gm.Ca. 1.V. O9gm.Ca. 
Serum K mEq 9.2 9.3 7.8 


Serum Ca. mEq 3.3 
Blood Urea mg. 264 
in 100 cc. 


Fic. 5 R. D. 


pected in association with a_ right 
branch block, was not seen at autopsy. 
\dditional precordial leads might have 
elucidated the problem in part but it is 
to be noted that in the subsequent 
tracings with decreased QRS duration 
there is never any gross change in the 
QRS configuration such as might be 
expected if a bundle-branch _ block, 
originally present, had disappeared. 
Atter the intravenous administration 
of calcium the duration of the QRS 


A woman, aged 26 years, who had chronic glomerulonephritis. 


more closely approached normal. P 
waves had been restored to the records 
and were accompanied by a definite 
decrease of serum potassium. Intraven- 
ous injection of calcium at this time 
caused no significant alteration in the 
tracings. 

At autopsy the heart weighed 240 
gm. Coronary sclerosis was very slight, 
graded 1—, and the mvocardium on 
histologic examination appeared nor- 
mal. 
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The control tracing in Figure 6 is an 
electrocardiogram. 
With the increase of serum potassium 
level there is a concomitant increase of 
the height of the wave and of the 
length of the QRS interval (from 0.07 
to 0.09 sec.). The QRS has become 
more biphasic and suggests the begin- 


essentially normal 


ning of the intraventricular conduction 
defect which is so characteristic of the 
tracing in patients whose potassium 


concentrations approach the lethal lev- 


5 gm. 


INTOXICATION 


WITH POTASSIUM 


Comment. This report confirms 
the previous conception that in the 
great majority of proved cases of po- 
tassium intoxication the patients have 
been suffering from severe renal insuf- 
Intoxication developed either 
when the intake of potassium was too 


ficiency. 


great or 
toxication. The toxemia evolves rapidly 


sponts neously as an autoin- 


and can prove fatal by causing cardiac 
standstill. 
makes intelligible the fatal termination 


Thus potassium intoxication 


KHCO3 at 8:31 AM 


Control 
mS 8:45 am 11:30 am 
| Bil 
} 
4 
- 
| 
IVR 
A 
| | 
11-25-41 12-1-41 
Serum K mEq 6.8 9.5 9.1 
11-26-41: Bloed Urea mg. 150 
in 100 cc. 
Serum Ca. mg. 8.4 (4.2 mEq) 
in 100 cc. 
Fic. ¢ M. S. Serial electrocardiograms showing the effect of increased levels of potassium in the serum 


el. Such a tracing has not been ob- 
served previously with such a small 
of potassium salt. Attention is 
drawn to the characteristic sharply 
peaked, narrow-base configuration of 
the T waves as seen in lends II and 
[V-R of the second column. The Q-T 
intervals are respectively 0.48, 0.48, 
0.44 and 0.44 sec. and the correspond- 
ing R-R times are 1.05, 0.90, 1.10 and 
1.15 sec. respectively. On November 
26 the serum calcium was 8.4 mg. per 
100 ml. 


dose 


in a number of cases of uremia which 
previously baffled explanation. 

The recognition of the development 
ot potassium intoxication, whether it 
be due simply to a toxic intake of po- 
tassium or to a spontaneous occurrence 
during the course of uremia, is of im- 
portance. One should inquire into the 
possibility of the previous ingestion or 
injection of a potassium salt. Certain 
clinical symptoms suggest the possible 
presence of potassium intoxication. 
These are paresthesias of the hands and 
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feet, sudden weakness of the extremi- 
ties as described by Finch and his co- 
workers, and shocklike syndromes. 
However, there are no unmistakable 
manifestations of potassium 
in their absence a_po- 
tassium tolerance test may elicit valu- 
able information. The actual proof 

potassium intoxication rests on a char- 
acteristic electrocardiographic pattern 
and an increased concentration of po- 
As stated 
previously, in our series of cases the 


clinical 
poisoning and 


tassium in the blood serum. 


varied from 7.7 to 
10.5 milliequivalents per liter. The 
former concentration, 7.7 milliequiva- 
lents per liter, occurred in patient T. L. 
(Fig. 4) and is lower than previously 
reported, and yet the electrocardio- 
graphic changes indicated a severe dis- 
turbance in the myocardium 24 hours 
before death from cardiac failure. 

<— Darrow and his co-workers’ carried 
out an interesting series of experiments 
in cats which support our findings of 
a considerable variation in the concen- 
tration of serum potassium when toxic 
effects are revealed by the electrocar- 
diogram. They also found a variable 
increase of the concentration of po- 
tassium in the cardiac muscle. Their 
results suggest that when the increase 
of potassium in the serum and cardiac 
muscles occurred rapidly, the toxic ef- 
fects were more likely to result than 


serum potassium 


when it was slow. Thus, the rate of 
entry of potassium into the myocardial 
cell may be an important factor in the 
deve lopme nt of the toxic effect. 

The quantitative changes in the cen- 
centration of potassium in the serum 
or extracellular fluid are so small when 
compared to the large amount. of 
intracellular potassium that on cur- 
sory investigation one might be sur- 
prised that changes in serum potassium 
should parallel profound physiologic 
disturbances. However, the changes in 
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the concentration of serum potassium 
observed in human beings have varied 
approximately from 2 to 10 milliequiv- 
alents per liter, actually indicating a 
fivefold change in serum concentra- 
tion. 

The difference in 
of cells and extracellular fluid consti- 
tutes one of the most remarkable char- 
acteristics of living tissue. This potas- 
sium gradient may be the important 
factor in potential differences develop- 
ing in relation to all cell membranes. 
Certainly such potentials are readily 
abolished by crudely applying solutions 
of potassium to the epicardium and 
this has been a common method of pro- 
ducing transient injurious effects in 
electrocardiographic studies. 

In the majority of patients with hy- 
perpotassemia it has not been possible 
to study the effect of this variable alone 
as there are, in particular, coexisting 
disturbances of the serum hydrogen 
ion concentration, sodium and calcium. 


potassium content 


These alterations require further study 
and elucidation. Nevertheless, the dem- 
onstration of their presence has stimu- 
lated certain therapeutic procedures. 
such as the use of calcium and sodium 
salts and solutions of dextrose and 
blood, which have proved beneficial. 


Summary. The recognition of po- 
tassium intoxication depends on the 
demonstration of a coexisting hyperpo- 
tassemia and a characteristic electro- 
cardiographic sequence. The few pa- 
tients in whom it has been revealed 
so far were suffering almost invariably 
from severe renal insufficiency. Potas- 
sium toxemia produces a serious con- 
dition in the myocardium, which mav 
be reversible but also can lead to fatal 
cardiac standstill. Beneficial therapv 
can be applied and is pi articularly indi- 
cated in patients with early potassium 
intoxication. 
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So much progress has been achieved 
during the past 20 years in our knowl- 
edge of the etiology, pathology, epi- 
demiology and prevention of the 
rickettsioses that their control and per- 
haps eventual elimination now seem 
possible. Encouraging data related to 
the therapeutic value of para-amino- 
benzoic acid (PABA) in experimental 
and human infections with several 
types of rickettsial organisms have ap- 
peared in the literature. There is 
abundant experimental proof showing 
that para-aminobenzoic acid inhibits 
the growth of R. prowazeki prowazekt 
(of epidemic typhus), R. prowazeki mo- 
oseri (of endemic typhus), and R. rick- 
ettsi (of Rocky Mountain spotted 
fever) in chick embryos infected with 
these organisms.**® Similarly in- 
hibitory effect has been observed in 
guinea-pigs infected with R. rickettsi’ 
and in gerbils given multilethal doses 
of R. orientalis (of tsutsugamushi dis- 
ease)."'* The drug has been found to 
be effective in human cases of epidemic 
(louse-borne) typhus,’’ Rocky Moun- 
tain spotted fever,*° endemic (murine) 
typhus,**" and tsutsugamushi disease.*® 
It appears to be safe even when given 
in very large doses.'* Its beneficial 
effects are thought to be due to meta- 
bolic stimulation of the cells of the host 


which, by paralyzing some very poorly 
understood enzyme processes of the 
organism, inhibits their growth and 
multiplication.’ This idea is in accord 
with the conclusions of Zinsser and 
Schoenback,’* that the multiplication 
of intracellular rickettsiae in Maitland 
tissue cultures was prevented by an 
increase in the cellular metabolic ac- 
tivity, as determined by the rate of 
oxygen consumption. 


Material and Methods. During the 
past 2 years, 60 proven cases of murine 
tvphus were admitted to the San Juan 
City Hospital. The diagnostic criteria 
consisted in (a) a positive Weil-Felix reac- 
tion with increasing titers as the disease 
progressed, and reaching levels of, or 
higher than, 1 to 160, (b) a change 
from a negative to a positive complement 
fixation test, and (c) a clinical picture 
characteristic of the disease. All the 
diagnostic laboratory procedures reported 
in this paper were performed by one 
of us (A.P.M.) in the Bacteriology De- 
partment of the School of Tropical Medi- 
cine of San Juan, Puerto Rico. 

All the patients studied were native 
Puerto Rican indigents from San Juan or 
its vicinity. Thirty-three of them received 
PABA, besides the other supportive meas- 
ures recommended in the general manage- 
ment of the disease. Twenty-seven pa- 
tients received only supportive treatment, 
thus serving as controls for the evaluation 
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of therapy with the drug. Of the treated 
cases, 23 were males and 10 females, with 
an average age of 26.5 vears, while of the 
untreated, 18 were males and 9 females, 
with an average age of 30.6 years. 

Treatment consisted in the administra- 
tion of 4 gm. of PABA as an initial dose, 
followed by 2 gm. every 2 hours, until 
the temperature was normal and the pa- 
tient had entered the stage of convales- 
cence. The drug was administered in 
tablet form, each one containing 0.5 gm. 
of the medicament.* It was very well 
tolerated by all the patients, no signs of 
toxicity being observed, apart from nausea 
and vomiting in 2 instances. As discussed 
below, we cannot feel entirely certain that 
the latter manifestations were provoked 
by the drug. 

A determination of blood levels of 
PABA was not attempted, because of the 
poor results reported by others.'!:'* The 
control group was observed under con- 
ditions identical to the 
ment. 
random 


one under treat- 
The former cases were picked at 
from the whole group and re- 
ceived nothing but supportive therapy. 
All the patients studied received large 
amounts of intravenous 5% glucose in 
saline for proper hydration and adequate 
maintenance of nutrition and electrolyte 
balance. Acetyl-salicylic acid and codein 
sulfate were used to alleviate the headache 
and the general body aches when present. 

A group of patients suffering from early 
bronchopneumonia, influenza, malaria and 
typhoid fever received PABA in doses 
ranging from 44 to 120 gm., without im- 
provement. None of these yielded a diag- 
nostic Weil-Felix reaction. 

Most of the cases presented a fairly 
typical clinical picture, but the discovery 
of the rash was difficult among the dark- 
skinned subjects. The duration of the 
fever served as the only criterion for the 
duration of the disease. The disease, in 
the great majority of our cases, had a 
sudden onset with chills and fever, ac- 
companied by headache, general body 
aches, photophobia and, in many _in- 
stances, prostration. In the minority, the 
onset was preceded by prodromal symp- 
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toms of a few days’ duration, consisting 
of general body aches, headache and low- 
grade fever. This may account for a 
possible error in the determination of the 
duration of the illness. The decrease in 
the severity of the symptoms, observed 
in all cases within 24 to 48 hours after 
beginning the administration of PABA, 
was a Satisfactory index of improvement, 
but not of cure. The temperature was 
considered normal when it dropped to 99 
F. or and continued unchanged, 
except for an occasional rise of very short 


less, 


duration and of not over 100° F., after 
the initial drop to normal. The latter 
occurred in some of the treated cases, 


and was commonly observed among those 
that did not receive the drug. 


Results. The group treated with 
PABA consisted of 33 patients, and 
the untreated, of 27. All were proven 
cases of endemic (murine) typhus, by 
the above-set criteria. The 2 series 
were almost identical as regards sex, 
age, and race. Thus, in the treated 
group, the average age was 26.5 years, 
2 being 50 years old, and among the 
controls the average age was 30.6 years, 
4 being 50 years or over. In the group 
that received PABA 23 (70%) were 
males and 10 were females, while 18 
(66.6%) of the control series were males 
and 9 females. There were 29 (88%) 
white and 4 colored patients in the 
treated group, while in the untreated 
24 (89%) were white and 3 were color- 
ed. The average duration of the ill- 
ness, the age, and the sex distribution 
of the control series very closely ap- 
proached the averages reported by 
Stuart and Pullen'® in their study of 
180 untreated cases of endemic typhus. 
The highest temperatures were ob- 
served during the first few days of 
illness and averaged 104.2° F. There 
was a secondary rise in temperature 
in 21 (78%) of the 27 controls and in 
10 (30.3%) of those taking PABA. 


* The drug, in the form of sodium para-aminobenzoic acid, was supplied to us by the Wyeth 
Iuternational Ltd. of Philadelphia, Pa., to whom we hereby express our appreciation. 
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EFFECT OF PARA-AMINOBENZOIC ACID ON MURINE TYPHUS 15 
TABLE 1 Dara in 33 Cases of Murine Typuus TREATED witH PARA-AMINOBENZOIC ACID 
Days of 

Day of Fever Total Days Comple- Day 

Days of PABA after of PABA with ment Blood 

Ca Ser Race i ye Fever Started PABA inGMS PABA Weil-Felic Fixation Taken 

B.R F W 17 12 10 2 124 5.0 1:12,800 Pos 19 
M.T. M Ww 22 10 8 2 100 4.0 1:6,400 Pos 12 
G.F. M W 50 11 7x + 106 4.3 1:800 Pos 16 
J.A.R M Ww 20 3 2 1 44 1.8 1:800 - 9 
J.M. M Cc 39 l2 i) 3 196 8.0 1:6,400 Pos 10 
L.G.A. M W 34 10 7 3 219 9.0 1:1,200 Pos. 17 
M.R M W 50 13 9x + 152 6.5 1:3,200 Pos. 15 
R.O M Ww 25 10 8 2 168 7.0 1:3,200 Pos. 15 
P.G. M ( 23 4 + 0 98 4.0 1:1,600 Neg. 12 
M.L.B. F Ww 31 6 3 3 190 8.0 1:800 li 
L.M.A.M F Ww 13 4 4 0 92 3.8 1:800 Neg. 5 
J.R.O. M Ww 40 s 7 1 88 3.6 1:6,400 Pos. 10 
V.G.A. M Ww 10 2 152 6.3 1:3,200 ll 
M.D.T F W 18 13 9 + 96 4.0 1:6,400 Pos 18 
E.P M W 21 9 9° 0 136 5.7 1:3,200 - 10 
M.A.F M W 12 13 12 1 96 4.0 1:6,400 Pos 13 
B.V. M Ww 33 11 8 3 122 5.0 1:400 Pos 20 
J.R F Ww 37 9 5 + 148 6.0 1:12,800 - 12 
F.O M Ww 32 12 9° 3 166 7.0 1:6,400 Pos. 14 
C.R F Cc 16 1 l 0 122 5.0 1:1,200 = 10 
J.A.R M W 28 5 4 1 88 3.5 1:800 - 7 
A.C. M W 19 3 2 1 122 5.0 1:1,600 10 
R.} M Cc 20 10 6 4 140 5.8 1:12,800 10 
C.L.( M Ww 25 12 9 3 126 5.0 1:400 Pos 14 
M.T M Ww 22 10 s 2 104 4.3 1:3,200 - 12 
\.M.1 M W 13 14 Ty 2 96 4.0 1:6,400 Pos. 15 
M.A k W 14 7 4 3 122 5.0 1:800 - 14 
M.R.D I W 34 + 4 0 74 3.0 1:200 Pos 16 
E.M F W 44 9 7x 2 98 4.0 1:800 6 
M.M M W 36 7 5 2 150 6.5 1:6,400 Pos 12 
N.M k Ww 25 12 s 4 127 5.0 1:800 ll 
P.P M Ww 31 + 3 1 48 2.0 1:1,600 - 7 
B.O M W 13 8 4 4 96 4.0 1:6,400 17 
Averages 26.5 8 7 6.5 2.2 121.4 >. 0 12.8 


Received sulfadiazine 
x Received penicillin. 


TasBLe 2. Data in ContrRoL Groups or 27 Cases or Murine Typnus Not TREATED WITH 
Para-AMINOBENZOIC ACID 
Days of Days of 
of Illness Days of Fever after Day Blood 
Ca Sex Race Age on Admission Fever 1d mission Weil-Feliz Taken 

W.R.R M 4 24 a 17 10 1:1200 16 
V.G. M W 55 5 14 ) 1:800 10 
V.B. M W 42 3 15 12 1:1600 15 
J.G.P M Ww 40 10 14 4 1:6400 16 
M.A. F Ww 60 6 15 9 1:800 10 
J.A.R. Ik W 58 5 16 11 1:3200 15 
S.T.F. k Ww 40 7x 13 6 1:3200 16 
R.C.S. W 23 2 12 10 1:800 12 
J.A. F Ww 28 5 16 s 1:6400 13 
M 27 6 14 1:1600 il 
M Ww 22 l 14 13 1:1200 14 
J.R.C. M W 33 10x 18 8 1:3,200 13 
M.L.M. M W 21 4x 17 13 1:5,120 15 
L.R. F W 16 §° 13 8 1:6,400 11 
J.A.Ke. M c 13 8x 22 14 1:3,200 16 
A.W. M Ww 26 10 15 5 1:800 15 
S.C.N. M W 23 i 14 ll 1:1200 12 
J.R.R M Ww 20 7 16 9 1:3,200 15 
PT. M W 23 10° 14 4 1:3,200 11 
B.N. M W 50 6x 17 11 1:800 8 
C.M. F Ww 40 3 13 10 1:6,400 17 
G.O. M W 15 ox 13 4 1:800 11 
A.M.S. F W 19 2 14 12 1:400 13 
I1.M.P. M Ww 28 6 16 10 1:1,200 16 
F.Z. F Ww 25 8° 12 + 1:400 7 
G.G.M. M W 15 4 13 i) 1:1,200 15 
M Ww 30 15 % 1:800 13 
Averages 30.6 6.2 15 8.8 13.2 


© Received sulfadiazine. 
x Received penicillin. 
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There were no deaths in either series. 


The duration of the illness before 
admission to the hospital was from 1 to 
12 days, with an average of 6.2 days 
for the untreated patients. Treatment 
was started between the Ist and 12th 
day, with an average of 6.5 days, in 
those that received PABA. The dura- 
tion of the illness after hospitalization, 
in the untreated group, averaged 8.8 
days, while in the treated it was only 
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headache, body aches, prostration, con- 
stipation and photophobia within 45 
hours of the initiation of treatment 
with PABA. The drug, however, failed 
to prevent the appearance of the rash, 
or to alter its distribution, in 12 of the 
cases. The rash appeared during treat- 
ment in 5 cases, and in 7, after the 
temperature had become normal (Table 
3). Treatment was started early in the 
course of the disease in all these cases. 


fx] 
/0 
Controls 
Quy 
= We 
we Duration fever (PABA 
Days 
Fig. 1.—Temperature curves (averages). 
TaBLe 3. IsNctpENcE AND TIME oF APPEARANCE OF RaAsH 
Time of Appearance of Rash Vo. of Cases Percentage 
TREATED CASES 
Present on Admission 12 36.4 
Appeared After Therap) 7 21.2\ 72.7 
\ppeared During Therapy 5 15.1 
Not Present 9 27.3 
Total 33 100.0 
UNTREATED CASES 
Present on Admission 10 
10.3 
\ppeared after Admission 9 $3.3 
Not Present 5 29.7 
Total 27 100.0 


2.2 days. The total duration of the dis- 
ease in the treated group averaged 8.7 
days, as compared with 15 days among 
the controls. The total amount of 
PABA administered averaged 121.4 
gm., received in 1.8 to 9 days, and in 
total doses that ranged from 44 to 
219 gm. (A summary of the data ap- 
pears in Table 1 and 2, and Fig. 1.) 

In the great majority of the patients 
there was some improvement in the 


No rash was observed in 9 of the 
treated and in 8 of the controls. The 
variability in the extent and promi- 
nence of the rash in the control series 
renders the observations in this respect, 
in the treated cases, difficult of inter- 
pretation. Nevertheless, it was noted 
that on receiving treatment the rash 
assumed a violaceous color and tended 
to disappear more rapidly than in the 
control group. 
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EFFECT OF PARA-AMINOBENZOIC ACID ON MURINE TYPHUS \7 


In general, the patients receiving 
treatment from early in the course of 
the disease responded better than did 
those in whom therapy was delayed 
for more than a week. Taking 12 to 
1S days as the average natural duration 
of uncomplicated murine typhus,'® we 
can assume that the drug failed in 9 
But it must be noted that 
in 6 patients administration of the drug 
was started after the 7th day of illness 
and yet the results were favorable. 
This seems to indicate that although 
favorable results may be obtained in 
the treatment of endemic typhus after 
the 7th day of illness, the greater 
efficacy of an early start of therapy 
should be emphasized. 

As mentioned before, severe nausea 
and vomiting were observed in 2 of 
the treated patients. However, these 
symptoms could not be attributed ex- 
clusively to the drug, although the 
latter may have increased their sever- 
ity, for some of the controls* presented 
the same symptoms, before or after 
hospitalization. Repeated blood studies 
failed to reveal severe signs of toxicity 
during or after treatment with the drug. 
\lthough the white cell count in 3 
instances was under 4,000 per c.mm. 
after the completion of the treatment, 
the differential counts were essentially 
normal, aside from a relative lympho- 
cytosis of 67% in one instance. The 
bone-marrow was active in this case, 
as evidenced by an Arneth shift to the 
left. No changes were observed in the 
hemoglobin content or in the red blood 
cells. Albumin and granular casts were 
frequently encountered in the urine 
during the febrile stage of the disease, 
but we observed no signs of renal 
insufficiency. Perhaps the proper hy- 
dration and the maintenance of an 
efficient electrolyte balance may have 
contributed in preventing this com- 
plication among our cases. The drowsi- 
ness and delirium reported among 


instances. 


cases of epidemic typhus treated with 
PABA’ were not observed in our cases 
of endemic typhus. 

From our observations on 6 of the 
patients of the control series, it seems 
that penicillin in doses of 20,000 units 
given intramuscularly, every 3 hours, 
fails to alter the course of endemic 
typhus in the human. Three patients 
received penicillin before the initiation 
of therapy with PABA, without im- 
provement. Sulfadiazine in proper 
doses was administered to 6 of the 
controls and 3 of the treated prior to 
the onset of therapy with PABA. The 
duration of treatment with sulfadiazine 
averaged 3.5 days, it being discontinued 
as soon as the diagnosis of endemic 
typhus was established. We did not 
observe either toxic or beneficial effects, 
but the shortness of the duration of 
therapy with sulfadiazine, the varia- 
bility in the severity of the symptoms 
of endemic typhus, and the small num- 
ber of cases tested do not warrant the 
formulation of definite conclusions. It 
appears, from the study of 19 cases 
of diseases other than endemic typhus 
(typhoid fever, influenza, pneumonia, 
malaria) that PABA does not exert a 
beneficial effect on their clinical course. 


Comment. The low incidence of 
endemic typhus among the colored 
Puerto Ricans is in conformity with ob- 
servations among the negro popula- 
tion of the South of the United States.’ 
The almost identical distribution of 
the cases, as regards age, in the 2 
series studied, makes the evaluation of 
the results of treatment with PABA 
more exact, since it is known that the 
severity of typhus and the mortality 
rate increase with age. It is evident 
that endemic typhus is primarily a 
disease of the young. This cannot be 
explained on the basis of greater 
chances of exposure to rodents, because 
the mode of life of the indigent Puerto 
Rican makes exposure to rats equal for 
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all ages, sexes and races. The most 
probable explanation is a development 
of immunity with increasing age. 

Our cbservations show that, in the 
majority of instances, endemic typhus 
as seen in Puerto Rico is characterized 
by an abrupt onset with Chills, fever, 
headache, general body aches, and 
prostration, and that the disease is 
amenable to therapy with PABA, as 
evidenced by the difference in the 
course and duration of the disease in 
the 33 treated cases as compared with 
the 27 controls. An analysis of the 
data tends to indicate that early treat- 
ment with PABA should be empha- 
sized. 


The fact that 5 of the patients de- 
veloped the rash during the course 
of therapy and 7 others after disappear- 
ance of the fever, and after convales- 
cence had seemingly started, lends it- 
self to speculation on the mode of 
action of PABA, and on the patho- 
genesis and immunology of the disease. 
The observation seems to indicate that 
PABA fails to interfere with the patho- 
logic alterations in the vascular system 
of the diseased, and that once the 
rickettsiae are fixed in the tissues their 
destructive action continues for a time 
in spite of the drug. The rapid favor- 
able response observed in some cases 
may indicate an attenuation of the 
toxemia produced by the rickettsiae, 
the drug being suppressive but not 
curative. From these results we can 
suggest that PABA acts as any other 
antibiotic, inhibiting the growth and 
multiplication of the organisms, prob- 
ably in an indirect manner. Perhaps 
the action of PABA on endemic typhus 
is comparable to that of penicillin in 
pneumonia. The latter promptly re- 
duces the toxic manifestations of the 
disease, while the pathologic . process 
continues its natural, though perhaps 
abbreviated, course. It is possible, 
therefore, that PABA attenuates the 
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activity of the rickettsiae but does not 
kill the organisms outright, thus al- 
lowing the host’s natural defensive 
mechanisms to eradicate the infection 
through the establishment of an im- 
munity. That the final disposal of the 
rickettsiae is a function of the host, 
and that it is aided only in part by 
the drug, is evidenced by the secondary 
rises in temperature observed among 
the great majority of the untreated, 
and in some of the treated patients. 
Such rises probably represent minor 
recrudescences of the disease at a time 
when immunity is not yet solidly estab- 
lished. It may be noted that such rises 
are at times accompanied by a recur- 
rence of symptoms of typhus, but these 
are milder than before. It was noticed 
that most of the patients presenting 
this manifestation received the drug 
late in the course of the disease, which 
may indicate that the pathologic proc- 
ess was too far advanced for an effec- 
tive destriction of the rickettsiae by 
the host aided by the drug. The 
phenomenon was observed in 2 pa- 
tients in whom treatment was instituted 
early in the disease. In these, the 
clinical response was very effective, 
and the rash appeared after the termi- 
nation of treatment, while the second- 
ary rise in temperature occurred on 
the 7th and 8th days of illness, re- 
spectively. The total dosage in these 
cases was 44 and 98 gm., respectively. 
Whether larger doses would have pre- 
vented the appearance of this second- 
ary rise in temperature, remains a 
moot question, but we believe that 
once the rickettsiae have invaded the 
reticulo-endothelial tissues, and have 
multiplied enough to produce the 
clinical manifestations of an already 
established pathologic process, the 
fundamental disease process will follow 
its course, no matter how much PABA 
is used. This is evidenced by the ap- 
pearance of the rash even after and 
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during prolonged treatment with the 
drug. 

The possibility exists that the rickett- 
siae of endemic typhus are not com- 
pletely destroyed by the body. It is 
possible that endemic typhus may be- 
have like epidemic typhus in which a 
delayed recrudescence, as exemplified 
by Brill’s disease, may occur. Perhaps 
the rickettsiae of endemic typhus re- 
main in a dormant state and that minor 
febrile illnesses which pass undiagnosed 
niay be recurrences of the disease. It 
appears,. from the data presented in 
this paper, that the immunological re- 
action of the body is very little altered 
by the administration of PABA, as 
indicated by the invariable increase 
in the titer of the Weil-Felix reaction 
in the treated cases. 

The drug is well tolerated, and it 
represses the manifestations of the dis- 
ease, but the absence of toxic symptoms 
in our series of patients does not guar- 
antee the free use of PABA without 
repeated blood studies to determine 
the levels of total white cells and ob- 
servations on the renal function of the 
patient before and during treatment. 
This should be done until more knowl- 
edge is accumulated on the toxicity 
of the drug. The conclusion that peni- 
cillin is of benefit in experimental ty- 
phus* has not been confirmed in human 
endemic typhus. From our limited 
observations on this point in the con- 
trol series, it appears that this drug 
failed to alter the course of the disease. 
[t may be beneficial in preventing 
bacterial complications, but these are 
so infrequent in endemic typhus that 
its use is not warranted until they 
ise. Sulfadiazine did not seem to 
ilter the clinical picture in our test 


cases, but our series is perhaps too 
small to warrant arriving at a definite 
conclusion. 


Summary and Conclusion. Thirty- 
three patients suffering from murine 
typhus were given heavy doses of 
para-aminobenzoic acid for variable 
intervals and at different stages of the 
disease, the clinical course being com- 
pared with that of 27 untreated cases. 
An analysis of the data gathered in the 
course of this study tends to demon- 
strate that: 

(1) Patients with endemic typhus can 
tolerate large doses of para-aminoben- 
zoic acid for as long as 9 days, and 
in total amounts as high as 219 gm. 
without toxic manifestations. 

(2) The duration of the disease is 
considerably shortened by the adminis- 
tration of the drug, especially when 
therapy is started within the first week 
of onset of the disease. 

(3) The severity of the symptoms of 
murine typhus is modified within the 
first 24 to 48 hours after the initiation 
of treatment. 

(4) The drug probably fails to alter 
the fundamental pathologic process, 
but aids in the abatement of the toxic 
manifestations, and, perhaps indirectly, 
controls the growth and multiplication 
of the rickettsiae. 

(5) The drug does not seem to affect 
the immunological response of the body 
to infection with the rickettsiae of 
murine typhus. 

It can be concluded that heavy doses 
of para-aminobenzoic acid are safe 
and beneficial in the management of 
murine typhus, especially when treat- 
ment is started early in the course of 
the disease. 
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KALA-AZAR: 3 CASES DEVELOPING IN .VETERANS’® 
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(From the Crile Veterans Administration Hospital ) 


Priok to World War LIL few cases of 
kala-azar were reported in the United 
States and in each instance it had been 
contracted in a part of the world where 
the disease is endemic.'* + During 
World War 2 many of our military 
personnel served in endemic areas and 
among these several cases of kala-azar 
were observed. A comprehensive re- 
view of this disease, along with re- 
ports on 30 cases seen among army 
personnel, has recently been made by 
Most and Lavietes?. 

The following cases are presented 
to call attention to the fact that an oc- 
casional isolated instance of this dis- 
ease may be encountered in the United 
States among former military person- 
nel. Because the incubation period of 
kala-azar is not definitely known, one 
can not state with certainty the length 
of time that may elapse before symp- 
toms develop following exposure in an 
endemic area. Thus, unless one is 
aware of this disease, the diagnosis is 
likely to be overlooked. This is impor- 
tant from a therapeutic standpoint, in- 
asmuch as therapy is specific, and in 
most cases a complete cure is effected. 

From December, 1945, to March, 
1947, 3 cases of kala-azar were seen in 
this hospital. All 3 represent the typi- 
cal clinical and laboratory findings that 
are usually seen, as well as the dra- 
matic response to specific therapy. 


° Published with permission of the Chief Medical 


Case Reports—Case 1. Present Illness: 
L.P., a 25 year old white male was admitted 
to the hospital December 6, 1945. He was 
discharged from the army in August 1945 
and felt well until 2 weeks prior to admis- 
sion when he first noticed increasing fatigue 
while at work. Within 24 hours he began 
having chills followed by fever and for this 
reason he thought he was having a recurrent 
malarial episode. During the following 2 
weeks he became worse, however, and in 
addition to daily chills and fever he devel- 
oped swelling of his feet and ankles, short- 
ness of breath on exertion, anorexia, progres- 
sive malaise and there was a noticeable in- 
crease in the size of his abdomen. There had 
been no nausea or vomiting but an occasional 
abdominal pain had occurred. 

Past History: He had 10 malarial episodes 
while in the service, the last attack being in 
April 1945. No other illnesses were recorded. 

He served with the army in North Africa 
in the Casa Blanca and Oran areas from July 
1943 to September 1943, and in Sicily and 
Southern Italy from September 1943 to Janu- 
ary 1944. He was ci uptured by the Germans 
at Anzio January 30, 1944 and was a prisoner 
of war in Germany until liberation in April 
1945. Thus, early January 1944 was the last 
possible exposure to kala-azar in an endemic 
area. Inasmuch as symptoms did not develop 
until November 1945, the incubation period 
in this case is assumed to be from 21 to 22 
months. 

Physical Examination: On admission the 
patient appeared to be acutely ill, tempera- 
ture was 103°, pulse 110, and respirations 18. 
The spleen was tender and palpable to the 
mid-line and in the left iliac region. There 
was slight tenderness over a soft liver, and 
it was palpable 5 cm. below the right costal 
margin. There was bilateral pitting edema of 
the lower extremities, particularly about the 
ankles. 
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For the first month of 
hospitalization the patient remained acutely 
ill. He had daily fever and his appetite re- 
inained poor. The red blood ranged 
2.01 million and 1.87 million. The 
white blood cells dropped as low as 1000 with 
14% neutrophils and 56% lymphocytes. There 


Hospital Course: 


count 
between 


was no response to liver or iron therapy. Blood 
smears for malaria parasites were negative. 
Blood cultures for L. Donovani were negative. 
Three 
test was strongly positive. A sternal puncture 
was performed and an attempt to demonstrate 
Leishman-Donovan bodies by smear and cul- 
It was believed that 
despite the inability to demonstrate L. Dono- 
rani up to this point, sufficient clinical and 


weeks after admission the formol-gel 


ture was unsuccessful. 
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KALA-AZAR 
but much smaller 
ind less tender than at time of discharge. Red 
blood was 3.97 with 81% 
hemoglobin. The white blood count was 12,- 
600 with a normal differential. 

This patient was not seen again until April 
1948, 
treatment. 
the 
medical attention 


spleen was still palpable 


count million 


some 27 months after completion of 
Iie had enjoyed good health in 
had had 

The liver and spleen were 
not palpable and no abnormal physical find- 
noted. The red blood count was 
million with 98% hemoglobin. The white 
blood count was 9800 with a normal differen 


interim and no reason to seek 
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tial count. Total serum proteins were 6.4 gm 
(albumin 4.8 and globulin 1.6). 
to be in excellent health. 


He appeared 
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critical condition of the patient. On January 
1, 1946 intravenous neostibosan was begun. 
{t was continued in daily administrations un- 
til January 22, 1946, at which time a total of 
6.0 gm. had been given. Temperature be- 
normal on the llth day and he re- 
afebrile (See Figure 1.) After the 
first week of treatment the patient began to 
show clinical improvement. The appetite was 
returning and he appeared less lethargic. On 
the 12th day of treatment the spleen and liver 
were smaller and less tender. On the day 
specific therapy was completed, the red blood 
count was 4.06 million with 81% hemoglobin. 
[The white blood count was 6350 with a 
normal differential. He was discharged from 
the hospital January 30, 1946, 26 days after 
starting specific therapy with neostibosan. 
On examination one month later he felt 
well and had gained weight and strength. The 


came 
mained 


hospital February 18, 1946. He felt well until 
6 days prior to admission when he developed 
a shaking chill by a 
backache, and a non- 
productive cough. The following day there 
was another shaking chill and the fever per- 
sisted. Three days after the onset, nausea and 
vomiting occurred with some frequency. Be- 
cause of the similarity to previous malarial 
episodes, patient took about 1 gm. of atabrine 
in divided doses prior to admission. This was 
of no apparent benefit and the elevated tem- 
perature continued, although there were no 
chills after the 2nd day of illness. 
Past History: There was a history 


followed high fever, 


slight headache and 


of re- 
current malaria while in the military service 
with the last episode 8 months prior to ad- 
mission. The patient was in the Marine Corps 
and spent 8 months in Central Burma, and 
14 months in India in the Calcutta, Bombay, 
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Assam area. He left India about 14 months 
prior to the onset of the present illness and 
has not been in an endemic area since. 

Physical Examination: On admission the 
patient was flushed and appeared to be 
acutely ill. The temperature was  100.2°, 
pulse 100, respirations 20. The spleen was 
palpable on deep inspiration and was firm 
and tender. There were no other significant 
physical findings. 

Hospital Course: For 3% months — this 
patient remained a diagnostic problem. Al- 
though kala-azar was suggested as a_pos- 
sibility, it was felt that the evidence was not 
sufficient to warrant specific therapy. The 
patient became progressively worse, running 


tures of the stool and urine for pathogens, 
repeated blood agglutination studies, exami- 
nation of the peripheral blood and bone mar- 
row for Leishman-Donovan bodies, blood cul- 
tures, spinal fluid examinations and cultures, 
serum protein determinations and formol-gel 
tests. In the meantime the patient developed 
an anemia and a_ progressive leukopenia 
which reached a low of 600 WBC. There 
was a gradual reduction in neutrophils to a 
low of 14%. Frequent blood transfusions be- 
came necessary when other supportive meas- 
ures failed. 

On June 6, 1946, 3% months after admis- 
sion, the formol-gel test was positive for the 
first time. Serum protein studies revealed a 


a 


lic. 2.—Leishman-Donovan bodies in stained smear of the splenic substance, Case 2 


(Photomicrograph, X 990). 


a high fever with elevations sometimes as 
high as 104°. Severe shaking chills were 
frequent. The spleen gradually increased in 
size until it extended well below the umbilicus 
and was markedly tender. Liver was tender 
and palpable 3 cm. below the right costal 
margin. Anorexia progressed and the patient 
would take only small amounts of liquid by 
mouth and even then nausea and vomiting 
was a frequent occurrence. Marked weight 
loss was evident and the patient gradually 
assumed a moribund appearance. During 
this period the following laboratory proced- 
ures were repeatedly investigated in an effort 
to establish the diagnosis. Frequent blood 
smears for malarial parasites, smears and cul- 


total of 7.2 gm. (albumin 3.0 gm. and globu- 
lin 4.2 gm.). On June 8, a splenic puncture 
was performed and Leishman-Donovan bodies 
were found in smears of the aspirated mate- 
rial (See Figure 2). Treatment with neosti- 
bosan was instituted immediately. A total of 
7 gm. was given in 2 courses. Five gm. were 
given in 17 days and patient was allowed 1 
week of rest. An additional 2 gm. were then 
given in 7 days. He showed no signs of drug 
toxicity during or after therapy. 

Twelve days after specific treatment was 
started, the fever disappeared and did not 
recur during the remaining hospital stay (See 
Figure 3.) When therapy was completed the 
spleen had been reduced markedly in size 
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ind was much less tender. His appetite had 
returned and a weight gain was noted. Dw 
ing the last 2 weeks of hospitalization an 
average weight gain of | pound per day was 
recorded. The blood picture had become nor- 
mal (See Figure 4). Five weeks after starting 
specific treatment the patient was discharged. 
At that time the liver 
palpated and the spleen edge could be felt 


below the left costal margin and it 


could ho longer be 


114 cm 
was only slightly tender. 

The patient was examined 1 month after 
time further gain in 


discharge at which 
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weight and strength was noted. The blood 
picture as well as serum proteins were nor- 
mal. The formol-gel test was negative and 
serum globulin no longer elevated. The tip 
of the spleen was palpable only on deep in 
spiration and was no longer tender. This was 
the last time it was ever felt. 

rhe patient has been followed for a 2 vear 
period and there is no evidence of any residu 
als. All! 


normal and the patient looks well and ap 


laboratory studies have remaine 


pears to be in excellent health. 
Present Illness: 
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Laboratory data 6 weeks before and 6 weeks after beginning treatment 
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vear old white male was admitted to this 
hospital March 4, 1947 complaining of weak- 
ness and fever. The onset of his illness was 
3 months prior to admission when he devel- 
oped mild influenza-like symptoms which per- 
sisted for about a week. He felt well for 1 
week after which he became acutely ill with 
chills and fever as high as 106°. He was 
hospitalized in another institution for 1 month 
where sternal puncture was included in the 
studies but a diagnosis was not established. 
During this period he became progressively 
weaker and “felt near death’. The chills and 
fever persisted. Six blood transfusions were 
given with some improvement including de- 
crease in height of fever. After discharge from 
that hospital he continued to improve at home 


ately pale, emaciated, appeared chronically 
ill and spoke in short interrupted phrases, ap- 
parently due to weakness. The skin was 
slightly yellow (he had been taking atabrine 
for about 6 weeks), there were petechiae on 
the feet and ankles, and a marmoraceous ery- 
thema on the hands. There was generalized 
non-tender lymphadenopathy. The lower bor- 
ders of the spleen and liver could be visibly 
outlined through the thin abdominal wall, 
each being 7 cm. below the rib. margin on 
inspiration; each was firm and _ non-tender. 
There was a small retinal hemorrhage near 
the left macula and there were bloody crusts 
on the left side of the nasal septum. The re- 
mainder of the examination was essentially 
negative. 
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2 weeks but his severe symptoms returned 


nd he was hospitalized at a second hospital 
m February 23, 1947, where the diagnosis 
{ kala-azar was suspected. The patient re- 
fused sternal puncture at this time. He was 
riven 6 more blood transfusions and _trans- 
‘erred to this hospital. During the preceding 
ew weeks he had complained of recurrent 
pistaxis on slight trauma. 

Past History: While in the army he served 
0 months near Calcutta, India, leaving in 
wly July 1945, 17 months prior to the onset 
f symptoms. He had not been in an endemic 
rea since that time. 

Physical Examination: On admission 
mperature was 101.8° orally, pulse 110, 
spiration 28, B.P. 110/70. He was moder- 


tor 


data, entire hospitalization. 


Hospital Course: Anemia was essentially 
normochromic (See Figure 5). Leukopenia 
was largely at the expense of the neutrophils 
which were 40 to 50%, while lymphocytes 
were 50 to 60%. Bleeding and clotting time 
were within normal limits but there was no 
clot retraction after 48 hours. The platelet 
count ranged from 44,000 to 82,000 during 
the hospital course except for 1 count of 
178,000 during the 4th week of treatment. 
Kahn test, malaria smear, and routine blood 
culture were negative. Heterophile agglutina- 
tion, RBC fragility, prothrombin time and 
urinalyses were within normal limits. Chest 
X-ray revealed questionable enlargement of 
the left mediastinal lymph nodes. ECG 
showed left axis deviation but was otherwise 
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2 sternal 


marrow smears were negative for Leishman- 
Donovan bodies. Cultures of the blood and 
sternal marrow on NNN media were negative 
tor flagellates. 

Splenic puncture performed on March 17, 
19453, was preceded and to lowed by a 500 


normal. Re pe ated blood smears and 


blood transfusion. —Leishman-Donovan 
bodies were found in the smear of the splenic 
substance. 

Phe patient had daily afternoon fever but 
the morning temperature Was always normal. 
Treatment with neostibosan was begin on 
the 21st hospital day and was given I.V. daily 
for a 26 day period, a total of 6.9 gm. being 
administered. Temperature became normal on 
the llth day of treatment and he was afebrile 
after that time (See Figure 6). His weight 


on the 15th hospital dav was 115 pounds; 


103-4 
1024 


F 


10Q- 
99-4 


TEMPERATUR 


NEO-STIBOSAN 
97- STARTED 


the first two visits, 5 and 6 months after treat 
ment, the liver was 3 cm. below the rib mar 
gin and the tip of the spleen was easily pal 
pable on deep. inspiration. Complete blood 
count and clot retraction were normal. Plate- 
let count was 150,000. Formol-gel test was 
negative. Serum proteins were 8.1 and 8.5 
gm./100 ce. with an A/G ratio of 1/1. Thy- 
mol turbidity was elevated and cephalin floc 
On the third visit, 8 months 
after treatment, the liver was not palpable 


culation was 4+. 


and the tip of the spleen was barely palpable 
on deep inspiration. Serum proteins were aad 
gm. 100 cc. with an A/G ratio of 1.9/1. 
Cephalin flocculation was 34+ but the other 
liver function studies were ‘normal. When 
last examined, 13 months after treatment, the 
spleen and liver were not palpable and all 
laboratory tests were within normal limits 


after therapy tor weeks he weighed 126 
pounds. During the 3rd week of therapy he 
was up and about much of the time. The 
petechiae gradually disappeared as did the 
retinal hemorrhage and the epistaxis. The 
spleen began to decrease in size during the 
3rd week of treatment and the liver became 
smaller during the 6th week. He developed 
a moderate alopecia of the scalp during the 
5th week but hair subsequently returned. At 
the time of discharge, 8 weeks after therapy 
was started, his weight was 134 pounds and 
he complained of only slight weakness. On 
expiration the lower border of the spleen was 
felt at the rib margin and the liver was 5 cm. 
below the right costal margin. There was no 
lymphadenopathy. 

This patient returned to work as a truck 
driver a few weeks after discharge and has 
since been examined on four occasions. On 


Temperature chart 1 week before 


and 2 weeks after beginning specific treatment. 


Discussien. The diagnosis of kala 
azar, even though suspected, may at 
times be difficult to prove. This is illus- 
trated in Case 1 where Leishman-Don- 
ovan bodies were never found. The 
response of this patient to specific 
therapy, however, justifies the diagno- 
sis. In the other two patients a splenic 
puncture had to be done before the 
diagnosis could be established. This 
procedure, done properly, carries little 
risk, and indeed at times may be in- 
strumental in saving the patient a far 
more serious operation. A case in point 
in which a_ splenectomy was_ per- 
formed has been reported". In this in- 
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stance pathological examination of the 
spleen established the diagnosis of 
kala-azar. If the laboratory data are 
suggestive and there is a history ot hav- 
ing been in an endemic area, it is felt 
that the relatively sate procedure of 
splenic puncture is justified, even if 
other examinations have failed to dem- 
onstrate Leishman-Donovan bodies. 

The drug of choice in the treatment 
of kala-azar is neostibosan, according 
to Most and Lavietes?, and the results 
obtained in our 3 cases lend added 
weight to this statement. Neostibosan 
is a pentavalent antimony compound 
supplied in powder form in single dose 
ampules. At the time of administration 
it is dissolved in either sterile saline 
or distilled water to make a 5% solu- 
tion, and is given intravenously. The 
drug was 100% effective in producing 
a cure in our 3 cases and no relapses 
have occurred. 


Summary. 1. Three cases of kala- 
azar were seen in this hospital from 
December, 1945, to March, 1947, and 
are reported in detail. 

2. The minimum incubation period 
in these cases ranged from 14 to 21 
months. 

3. Attention is called to the possi- 
bility of encountering isolated instances 
of this disease and the likelihood of 
overlooking the diagnosis because of 
its infrequency in the United States. 

4. In patients in whom the disease is 
suspected but confirmatory evidence is 
lacking, splenic puncture is recom- 
mended as a relatively safe procedure. 
Leishman-Donovan bodies be 
found in most cases by direct smear 
or culture of the splenic material. 

5. Treatment with neostibosan is 
specific and almost 100% effective in 
producing a complete cure. 


REFERENCES 


Mathieson, D. R., and Watson, B. A.: J. Am. Med. Assn., 112, 309, 1959. 


1947. 


. Munter, E. J., and Packchanian, H. J.: Am. J. Trop. Med., 25, 507, 1945. 


2. Most, Harry, and Lavietes, Paul H.: Medicine, 26, 221, 

3 

1. Price, F. L., and Myer, R. A.: J. Am. Med. Assn., 125, 490, 1944. 
5. Rose, H. M.: Proc. Soc. Exp. Biol. and Med., 58, 93, 1945. 


}. Sweeney, J. S., Friedlander, R. D., and Queen, F. B.: J. 


Am. Med. Assn.,128, 1020. 


| 
| 
| 
a 
at 
n- 
he 
ic 
1iC 
he 
his 
tle | 
in- | 
far | 
int | 
er- | 
in- 


STREPTOMYCIN IN THE TREATMENT OF TUBERCULOUS 
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(From the Veterans 


\LTHOUGH it is scarcely more than 3 
vears since the discovery of strepto- 
mycin was announced from Waksman’s 
Laboratory in 1944°, a very consider- 
able understanding has already been 
gained concerning its limitations and 
usefulness. The progress has been 
much more rapid than was the case 
with penicillin: partly 
manufacturing houses profited by the 
very painful experiences encountered 
in the production of that drug; partly 
because of the several large scale co- 
operative investigations into its ef- 
tectiveness which were launched after 
the pioneering work of Hinshaw and 
which disclosed 


because the 


his collaborators.? 
its promise in the treatment of tuber- 
culosis. One of these investigations 
has been conducted within the struc- 
ture of the Veterans Administration. It 
was launched in June of 1946 in co- 
operation with the Army and Navy 
and was at first directed toward the 
effects of streptomycin upon pulmonary 
tuberculosis. Soon it was extended into 
other forms of the disease and the pre- 
liminary findings of 22 participating 
hospitals were recently’ recounted in 
a report to the Council on Pharmacy 
and Chemistry of the American Medi- 
cal Association. 

Very considerable masses of clinical 
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KANSAS 


Administration Cente 


material were available to the investi- 
gators in the commoner forms of tuber- 
culosis and it was not difficult to reach. 
at least tentatively, conclusion as to 
the effectiveness of streptomycin under 
these circumstances. In the case of 
less common lesions, the situation was 
difficult, since no single hospital had 
more than a few cases under treatment. 
This was the situation in the instance 
of tuberculous enteritis for, although 
it was formerly a common complication 
of active pulmonary tuberculosis, there 
were only a few cases under treatment 
in any one hospital. It was therefore 
resolved by the Veterans Administra- 
tion’s Third Streptomycin Conference 
in May of 1947 that the experience of 
all hospitals be collected and the re- 
sults of this experience be published 
in a single paper. The present authors 
were invited to undertake this task 
since, at the time the decision was 
made, the hospital with which they are 
connected had treated more cases of 
tuberculous enteritis than any other 
Study Unit. No co-operation of this 
sort can be as satisfactory as if all the 
cases had been treated under the 
authors’ supervision, but it is believed 
that the large volume of information 
gathered is sufficiently complete to per- 
mit certain conclusions. We wish to 
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record our admiration and gratitude 
for the readiness with which this ma- 
terial was furnished to us.* 

Selection of Cases: All tuberculosis 
cases which have come under the care 
of the Veterans Administration Strepto- 
mycin Research Program have been treated 
according to the provisions of protocols 
which were prepared by the Central 
Office Streptomycin Committee with the 
concurrence of the investigators. With 
very tew exceptions, these protocols have 
required bacteriologic or pathological proof 
of tuberculous etiology. Tuberculous 
enteritis is, by necessity, one of these 
exceptions. The impossibility of providing 
an absolute diagnosis constitutes the weak- 
ness of this presentation. The protocol 
governing treatment of tuberculous enteri- 
tis permitted the use of streptomycin in 
patients with proven pulmonary or extra- 
pulmonary tuberculosis who had charac- 
teristic gastro-intestinal symptomatology 
together with radiologic evidence of an 
intestinal lesion which could be reasonably 
considered tuberculous. The difficulty of 
establishing an absolute diagnosis of this 
complication is not peculiar to our ex- 
perience but is well recognized. There are 
other ulcerative intestinal lesions and, an 
added complication, several of these re- 
spond favorably to treatment with strepto- 
mycin! More important, there is also 
the possibility that in any such series as 
this the symptomatic relief which is ob- 
served could be attributed to a diminution 
of toxicity resulting from the effects of 
streptomycin upon the pulmonary disease. 
However, the presumptive nature of the 
diagnosis being acknowledged, the exist- 
ence of severe intestinal symptoms in 
patients with proven pulmonary _tuber- 
‘ulosis, together with radiologic evidence. 
‘stablishes strong prima facie evidence 
lor the accuracy of the diagnosis in the 
sroup as a whole 

Clinical Material: Although the 33 male 
atients ranged in age from 20 to 58, 20 
them were living in their third decade. 


Twenty-nine were white, 3 were negro 
and 1 was Mexican. The mean known 
duration of the coexisting pulmonary dis- 
ease was 19 months. All had far advanced 
pulmonary tuberculosis with the excep- 
tion of Cases 8, 24, 29, and 32, who had 
moderately advanced pulmonary _tuber- 
culosis. Cavities were described in 21 
cases and in only 3 cases was there a def- 
inite statement that cavities did not exist. 
Positive cultures of sputum or gastric 
washings were reported from all 33 pa- 
tients at some time during the course of 
their intestinal disease and except in Case 
8 (See case reports) the pulmonary disease 
was considered active at the time strep- 
tomycin was instituted. 

Intestinal symptoms had been present 
from 4 to 6 months prior to streptomycin 
therapy in 12 of the patients, the mean 
duration being 5 months for the entire 
group. The textbook picture is more 
usually seen in this disease than in most 
diseases. With a few exceptions, cov- 
ered in the case presentations below, all 
cases had the usual symptoms of either 
diarrhea or constipation or alternating 
constipation and diarrhea, abdominal pain, 
abdominal soreness, loss of appetite, 
weakness, nausea and occasionally vomit- 
ing together with the physical findings so 
familiar to the phthisiologist since the 
time of Hippocrates. In 4 of the pa- 
tients tuberculous appendices had been re- 
moved, thus adding to the probability of 
an accurate diagnosis. Although no de- 
tailed analysis was made of extrapulmon- 
ary disease, tuberculosis laryngitis was 
reported in 2 instances, and, in an addi- 
tional 2 patients rectal fistulae were 
present. 

Regimen: The daily dose employed in 
this series has not been uniform but has 
varied between 1.0 and 2.0 gm. Within 
this range no difference in response has 
been observed when the intramuscular 
route was used. At the present time 1 
gm. is recommended in 2 doses. The 
lower dosage carries only a 23% inci- 


* VAH, Barnes Annex, Vancouver, Wash., 1 case; VAH, Brecksville, Ohio, 1 case; VAH, 
3utler, Pa., 1 case; VAH, Castle Point, N.Y., 4 cases; VAH, Dayton, Ohio, 1 case; VAH, Hines, 
ll.. 1 case; VAH, Livermore Cal., 1 case; VAH, Memphis, Tenn., 1 case; VAH, Minneapolis, 
Minn., 4 cases; VAH, Nashville, Tenn., 1 case; Northern Permanente Hospital, Vancouver, 
Vash,.. 3 cases: VAH, Richmond, Va., 5 cases; VAH, Rutland Heights, Mass., 4 cases; VAH, 
an Nuys, Cal., 1 case; VAH, Wadsworth, Kan., 4 cases. 
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dence of vertigo as compared with a 94% 
incidence when 2 gm. daily are used.? 

Oral treatment, 2 gm. per day in 5 
doses, was used in treating 2 patients for 
66 and 120 days. Four and six weeks 
elapsed before complete relief of symp- 
toms was obtained as compared to one 
week when intramuscular treatment was 
used. The advantage of the oral route 
would lie in the non-absorbable property 
of the drug and the consequent possibility 
of avoiding toxic manifestations and the 
development of resistant organisms. 
These 2 patients, however, both showed 
significant blood levels, suggesting that 
the diseased gut may have acted dilfer- 
ently than normal bowel in this respect. 
Further study of the oral route, blood 
levels, and development of resistant 
organisms in the stools and in the sputum 
of these orally treated cases is indicated. 
The additional patients receiving the in- 
tramuscular course of therapy had been 
previously tried on 2 gm. oral doses for 
14 days without adequate response. Per- 
haps 14 days is an inadequate trial period 
for oral therapy. A 5th patient (Case No. 
21) received oral treatment and showed 
improvement during the Ist week but 
was subsequently shifted to intramus- 
cular therapy when signs of bowel ob- 
struction developed. 

There was also little uniformity in the 
length of treatment of these cases. Nine- 
teen patients completed courses of 60 to 
120 days. Fourteen-day courses were 
used in 6 cases with the design of merely 
providing symptomatic relief. Eight cases 
are still under treatment, having received 
31 to 86 days of streptomycin. 

Clinical Results. Streptomycin has 
been uniformly effective in the relief 
of symptoms of tuberculous enteritis in 
this series, although several of the var- 
ticipants in this study were highiy 
skeptical when their first cases were 
started on the drug. A few cases were 
actually being treated primarily for 
other than intestinal disease when the 
relief of severe coexistant intestinal 
symptoms called attention to its effec- 
tiveness in this disease. If one considers 
the ineffectiveness of streptomycin in 


chronic, far advanced, avascular, case- 
ating and fibrotic pulmonary lesions, it 
is not surprising that skepticism existed 
toward the effect of streptomycin in 
similar cases complicated by a second- 
ary ulcerating tuberculous ileocolitis. A 
glance at the accelerating downward 
course of pre-streptomycin weight 
curves in these patients indicates the 
expected outcome. The morose atti- 
tude engendered by experience as old 
as the disease itself is succinctly epit- 
omized by the Hippocratic teaching 
that, “Diarrhea attacking a person with 
phthisis is a mortal symptom.” 

After the initiation of treatment by 
the intramuscular route, improvement 
was noticed almost immediately. In 
20 cases 1 week was quoted by the in- 
vestigator as the period during which 
maximum benefit was reached. Four 
investigators mentioned 3 days as the 
period when abdominal pain was com- 
pletely relieved. In the remaining 
cases the relief of abdominal symp- 
toms was summarized as, “Relief of ab- 
dominal pain and distention in 4 days, 
no distress after 31 days”; “Relief im- 
mediate”; “Relief only slight on oral 
therapy, complete on intramuscular’; 
and these comments are repeated in re- 
ports by various investigators. In- 
creases in appetite were frequently de- 
scribed as very marked and tremendous 
after the lst week of treatment. 

The effect on symptoms is best illus- 
trated by quoting in greater detail the 


pertinent information from _ several 
typical cases: 
Case Reports. Case 3, E.A., 20-year 


old Mexican male, got 1.8 gm. per day 
in 4 doses for 60 days. Chronic abdom- 
inal distress, nausea and vomiting and ex- 
treme weakness disappeared within 24 
hours. Within 4 days he began to eat 
much better and within 7 days his appe- 
tite was tremendous, not only for meals 
but for small feedings between meals. 
Within 7 days the stools had diminished 
in number from 4 or 5 liquid stools a day 
to 3 soft stools. On the 12th day there 
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stools. Thereafter the stools 
were normal in number and consistency. 

Case 4, D.k., 22-year old white male, 
received 1.8 gm. a day in 6 doses for 120 
days. Five days after specific medication 
began, the abdominal cramps subsided 
and appetite began to improve. In 2 
weeks the diarrhea (3 to 5 mushy brown 
stools daily) and belching disappeared, 
the stools became formed and the patient 
had 1 bowel movement a day. This im- 
provement, accompanied by a decrease 
in sputum from 8 ounces to 1 ounce a 
day, continued for the 4 months of treat- 
ment and 4 months of follow up after 
streptomycin was stopped. 

Case 5, A.G., 25-year old white male, 
was given | gm. a day in 5 doses for 120 
days. Improvement was noticed by the 
patient practically from the time strep- 
tomycin was started and the only com- 
plaints after the first few days were oc- 
casional mild cramps reported on _ the 
46th and 48th day of treatment. These 
cramps caused considerable fear and 
worry on the part of the patient, but the 


were no 


continued freedom of symptoms there- 
after soon restored his cheerfulness. 

Apparently the skepticism of the 
physician is communicated to or shared 
by some of these patients and the mild- 
est return of symptoms causes great 
anxiety. This was also seen in Case 2 
which will be presented with the more 
detailed case reports below. 

Relief of diffuse and localized ab- 
dominal tenderness, rigidity, and dis- 
tention came within a few days after 
relief of symptoms. - One case had re- 
lief or pain and right lower quadrant 
tenderness and disappearance of a 
right lower quadrant mass within the 
first 2 weeks of treatment. In 18 pa- 
tients, an episode of diarrhea was pres- 
ent at the time streptomycin was 
started. In these cases the liquid stoois 
became progressively soft and then 
formed and were reduced in number 
from an average 6 per day to an aver- 
age of 2 per day by the end of the Ist 


CASE NO. 16 DA. 
1090 ——_———_ 4 
SM 
10 20 30 40 50 60 1 
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Fig. 1.—Effect of streptomycin therapy on fever in tuberculous enteritis. 


SM = Streptomycin therapy begun. 


it 
ed 
in 
| 
A 
rd | 
‘ht 
he 
ti- 
id 
ng 
ith | 
by 
ont 
In 
in- 
ich 
yur 
the 
m- 
ing 
b. TUBERCULOUS ENTERITIS TEMPERATURE CHART 
ir’; 
re- 
year 
day 
om- 
ex- 
24 
eat 
ype- 
eals 
vals. 
hed 
day 
here 


MASON, KRIDELBAUGH, CROUCH, 


week One case having 12 liquid 


stools betore treatment had only 2 soft 
stools within the first 3 days of treat- 
ment. Where stool odor men- 
tioned as being unbearably offensive 


Was 


there was a return to a normal fecal 
odor. The presence of occult or gross 
blood, mucus, and pus was mentioned 
in only 8 cases and disappeared as the 
stools became normal. 


TUBERCULOUS ENTERITIS 


WARD: 


anticipated in patients who had lost no 
weight recently. Conversely, in those 
patients who had recently lost rapidly 
from their disease a rapid gain in 
weight could be expected, the cases be- 
ing provided specific treatment. Figure 
2 demonstrates the validity of this pre- 
mise in that rate of gain is shown to be 
directly proportional to the preceding 


rate of loss. Taking as a group 21 of 
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WEIGHTS CHARTS 


VETERANS ADMINISTRATION 12-1947 
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Figure 1 shows the effect of strep- 
tomycin treatment on elevated temper- 
atures and requires no further com- 
ment except for calling attention to 
the decrease in diurnal variation which 
accompanies the return to 
levels. 


normal 


Weight gain was an especially suit- 
able index of the progress of the intes- 
tinal disease, since it directly reflects 
the ability to ingest, digest, assimilate 
and retain food as body substance. 
This is true, of course, only when the 
intestinal disease is the main cause of 
asthenia. Little weight gain could be 


SM 
MONTHS 
on body weight in tuberculous enteritis. 


the 23 cases where adequate weight 
measurements were reported, it was 
found that they gained 400 pounds in 
88 patient months following the start 
of streptomycin, or an average gain of 
4.7 pounds per month. One patient 
showed a 15-pound weight gain previ- 
ous to streptomycin therapy, over a pe- 
riod of 4 months and a loss of 5 pounds 
during the lst month of treatment. The 
23rd patient failed to gain any weight. 
In 10 cases weights were not reported 
or the patients were not weighed be- 
cause of their weakness and debility or 
because, being terminal or near ter- 
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minal, their weight was not considered 
of importance to those who were treat- 
ing them. 

It is important to analyze the inci- 
dence of sputum conversion in con- 
nection with the possibility of re- 
currence. Only 8 of the 33 cases were 
converted to negative sputum during 
or after the relief of intestinal symp- 
toms and more intensive study with 
longer follow-ups will inevitably tend 
to reduce this number. Conversely, 
following general improvement from 
removing the liability of intestinal dis- 
ease, an undetermined number of other- 
wise hopeless cases may be able to 
reach sputum conversion. 

Three patients had _ thoracoplasties 
for unilateral cavitating tuberculosis 
after recovering from their intestinal 
disease. In no case, however, was any 
collapse therapy introduced during the 
first 60 days following relief of intes- 
tinal symptoms. Case 8 was the 
only patient who had been able to heal 
his pulmonary disease previous to the 
treatment of his intestinal disease. Case 
2 was the only patient with a pre- 
dominantly exudative pulmonary dis- 
ease of the type which responds best 
to streptomycin. Although no case had 
progression of his pulmonary disease 
during streptomycin treatment, it was 
obvious that the pulmonary disease 
was not greatly improved in a majority 
of cases. This is as expected, since, as 
already mentioned, the enteritis was 
usually secondary to rather severe, long 
standing pulmonary disease of a fi- 
brotic, caseating character, rather than 
the predominantly inflammatory dis- 
ease which is expected to respond best 
to specific chemotherapy. 

In 6 patients, streptomycin was used 
only for relief of symptoms in the pres- 
ence of obviously hopeless pulmonary 
In these cases only 14 days 
therapy was used. 

There were 2 cases where a definite 


disease. 


recurrence of symptoms, return of diar- 
rhea or reappearance of blood and 
mucus in the stools occurred. These 
cases (No. 2 and No. 9) are detailed 
below with the other case presenta- 
tions. A longer follow-up and larger 
series of cases will be necessary before 
the rate of remission or recurrence can 
be well established. Eight patients are 
still under treatment and 25 have been 
followed, 1 to 16 months since their 
treatment was started or 2 weeks to 12 
months from the time streptomycin was 
discontinued. Of the patients whose 
treatment had been completed the 
average follow-up was 6% months. One 
of the terminal patients, who was treat- 
ed only for relief of symptoms, died. 
However, during the 14 days of follow- 
up there was relief of abdominal pain. 
and the twelve liquid, foul smelling, 
incontinent stools a day were reduced 
to 2, thus eliminating much of the 
nursing problem, including prevention 
of bed sores. Without doubt the pa- 
tient’s last days were made more toler- 
able. 

A few of the more informative cases 
have been chosen for a more detailed 
account. The reason for their selection 
will be given in each instance. Thus. 
the first case presented is also the first 
case treated in this study. It is an 
example of the disease at its worst, 
the debility being out of all proportion 
to the severity of the primary pulmo- 
nary disease. With the added assist- 
ance of a thoracoplasty for control of 
his pulmonary disease, streptomycin 
has permitted this patient to overcome 
his disease, leave the hospital against 
medical advice, and carry on a re- 
stricted amount of work without, so 
far, showing any reactivation of either 
the intestinal or pulmonary disease. 

Case 1. K.E., a 21-year old white male 
with unilateral, far advanced, cavitating 
pulmonary tuberculosis and pneumothorax 
tailure because of adhesions, had suffered 
for 8 months with progressively increasing 
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abdominal pain, diarrhea, weight loss and 
elevated temperature. Paragoric and bis- 
muth at first gave relief, but, during the 
last 2 months, the injection of % grain of 
morphine every 3 hours 


Was necessary 


to control the watery and often grossly 
Abdominal tenderness and 
rigidity, at first localized to the right lower 
quadrant, had become generalized during 


the last few weeks and was so severe that 


bloody stools. 


surgical consultants were considering the 
possibility of intestinal perforation. Al- 
though no parasites or dysentery organisms 
had isolated the stools, 
the patient received courses of penicillin, 
sulfasuxidine, sulfaphthalidine, vioform, 
and emetine, all without effect. Parenteral 
feedings and vitamins, plasma and blood 
transfusions were used in quantity to help 
the patient, but without 
effect on the course of his disease. X-ray 
findings confirmed the clinical diagnosis of 
intestinal tuberculosis. 


ever been from 


sustain were 


Streptomycin was 
given for 120 days in the amount of 1 gm. 
per day, divided in 4 doses. Within 24 
following the institution of this 
treatment, the patient began to enjoy his 
meals, and his temperature became nor- 
mal (Fig. 1), abdominal pain and diarrhea 
disappeared and on the third morning the 
patient ate, “The biggest breakfast since 
| have been in the hospital.” Four months 
after beginning streptomycin a right, 7-rib, 
3-stage thoracoplasty was completed. The 
patient left the hospital against medical 
advice 5 months after his thoracoplasty. 
Twelve and one-half months after strepto- 
mycin was stopped he is working and has 
no pulmonary or intestinal symptoms, ac- 
cording to information obtained by cor- 
respondence with the patient. 


hours 


The following case was the only 
case with pulmonary disease entirely 
of the exudative type. This case is 
also noteworthy because of the 3 re- 
currences of mild symptoms of enteritis; 
at the end of the 62 day course; again 
during a second 30 day course of 
and again 72 months after 
streptomycin was discontinued. 


treatment; 


Case 2. L.C., a 22-year old white male 
with a diffuse exudative, cavitating (thin 
walled 2 by 3 cm. cavity in the left upper 


lobe) pulmonary tuberculosis of 1 year’s 
duration, had having abdominal 
pain, nausea and vomiting, periods of 
diarrhea, and periods of obstructive symp- 
toms for 2 months. The patient’s weight 
dropped from a normal of 160 pounds 
to 114 pounds, and the temperature curve 
was spiking and elevated (Fig. 1). After 
the start of streptomycin, 1.8 gm. per day 
in 4 doses, the stools, which had previously 
been watery, and_ then 
formed, and within 3 days were reduced 
in number from 5 to l. After 62 days, 
streptomycin discontinued because 
of vestibular and auditory disturbance. 
Nausea had reappeared with the vestibular 
symptoms and at this same time symptoms 
of enteritis recurred with 2 to 3 stools a 
day and some gross blood. Temperature 
remained normal. On 4-14-47, 10 days 
after it had strepto- 
mycin was started again at the same 
cosage and continued for 30 days. There 
was immediate symptoms 
and then a second similar recurrence dur- 
ing the middle 2 weeks of the 2nd course. 
Weight dropped from 143 to 139 pounds 
but the temperature remained normal. 
Svmptoms did not recur during 742 months 
after discontinued. 
Sputums became negative, as did cultures 
of gastric washings, and have remained 
negative. The left upper lobe cavity 
closed, post-tussive rales disappeared, and 
the exudative lesions cleared. The patient 
is back to his normal weight of 160 
pounds, a gain of 46 pounds. During the 
last few weeks, a few post-tussive rales 
have been heard again in the posterior 
chest between the scapula and the spine 
aud the patient has had a mild feeling 
of gaseous distention in the right lower 
quadrant, with, on several occasions, 2 or 3 
slightly loose stools during a 24 hour 
period. Temperature and weight remain- 
ed normal 
and barium enema did not show any signs 

' months after strepto- 


been 


became loose, 


was 


been discontinued, 


subsidence of 


streptomycin was 


and the chest roentgenogram 


of new disease 742 
mycin. 

The following case is perfect from 
the standpoint of diagnosis. There was 
a 3 year history of intestinal tuberculo- 
sis, which did not improve in spite of 
inactivation of the pulmonary tuber- 
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culosis. A tuberculous appendix was 
removed and 2 years later tubercle 
bacilli were isolated from the stools 
although they were not present in the 
sputum. 

Case 8. C.M., was a 28-year old white 
male, treated with pneumothorax in 1944. 
This patient had had symptoms of intes- 
tinal disease for 32 months. On May 
25, 1945, an appendectomy was performed 
because of increasing abdominal symptoms 
and the appendix was found to be tuber- 
culous. Several stool specimens at this 
time showed tubercle bacilli. The patient 
left the hospital on June 8, 1946, against 
medical advice and was followed in the 
Out-patient Department. His pneumo- 
thorax had been discontinued before he 
left the hospital. ‘The intestinal symp- 
toms persisted with diarrhea, slight after- 
noon temperature and continued abdomin- 
al pain. ‘The pulmonary disease remained 
inactive and the patient was advised to 
enter the hospital for the specific purpose 
of treating his enteritis. Examination on 
admission revealed a rounded abdomen, 
tenderness and rigidity in the right lower 
quadrant, especially on deep palpation in 
the region of the appendectomy scar. 
Several stool examinations showed occult 
blood, chest Roentgen-ray showed a hard 
infiltration in the right upper lobe with no 
signs of active disease. A gastro-intestinal 
Roentgen-ray series was interpreted as 
ulcerative, tuberculous ileocolitis. Sputa 
on concentrated smear and culture were 
negative for tubercle bacilli. Acid-fast 
bacilli were found in 5 different stool 
specimens by smear and were cultured 
from 1 of the specimens. Streptomycin 
therapy was given from 4-21-47 to 8-16- 
47, a total of 120 days, 2 gm. a day in 5 
doses. The streptomycin blood level 2 
hours after each injection averaged 16.6 
micrograms per cc. Three days after the 
start of streptomycin the patient’s symp- 
toms began to subside and within 1 week 
the diarrhea had disappeared. Since that 
time the patient has had one well formed 
stool daily. The patient expressed the 
opinion that he received his maximum 
subjective benefit after 1 week of treat- 
ment and said that for the first time in 
over 3 years he was completely free of 


any digestive symptoms. There was a 
recurrence during the 3 months that the 
patient was followed after completion of 
his streptomycin course. Tubercle bacilli 
could not be cultured from the feces after 
the institution of streptomycin. 

Case 9 is the second of the 2 cases 
in which a recurrence occurred. 

Case 9. A white male had a pulmo- 
nary disease history beginning in 1942. 
He was discharged as arrested in 1927. 
Once in 1942, twice in 1943 and twice in 
1945, he had episodes of pneumonia and 
during the last episode a positive sputum 
was again found. Cavitation developed 
between 1940 and 1946 and_ progressed 
with accelerating rapidity. Temperature 
was constantly elevated and occasionally 
spiked to 101 and 103. Sedimentation 
rate ranged from 57 to 87. (The following 
comments are quoted directly from the 
case report.) 

“Because of increasing gastro-intestinal 
disturbance with cramps, pain and diar- 
rhea, the patient was given a 14-day 
course of streptomycin which was started 
at the end of April, 1947. Preceding 
this, a gastro-intestinal series showed no 
evidence of disease. However, a gastro- 
intestinal study made on May 19 showed 
the head of the barium column to be in 
the terminal ileum at 7 hours, but in the 
region of the sigmoid at the end of 9 
hours. There was slight narrowing of 
the terminal centimeter or two of ileum. 
At no time did the cecum fill, suggesting 
a spasticity of the cecum which is com- 
patible with tuberculosis. At the time 
of instituting the original course of strepto- 
mycin the patient’s weight had dropped 
to 112 pounds and following this therapy, 
which quickly relieved him of pain and 
other symptoms, he regained his appetite 
and gained ten to fifteen pounds. 

On June 6, for the first time, there was 
a beginning of his abdominal symptoms 
once more, with nausea and vomiting, 
followed by cramps and loose bowel 
movements. On July 19, 20 and 21, the 
intestinal symptoms had been greatly ag- 
gravated and temperature had risen to 
103 with the patient suffering considerable 
shooting pains in the abdomen. Follow- 
ing the gastro-intestinal studies to be 
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done in the next day or two, he will have 
a further course of 14 days treatment with 
streptomycin for symptomatic reliet. This 
patient still has occasional bouts of streak- 
ing. His general condition is poor, but 
he is not feeble.” 

The following case, without previous 
symptoms of intestinal disease, was 
found at operation for appendicitis to 
have ileo-cecal and appendiceal tuber- 
culosis. It is interesting to compare 
this case (No. 20) with case No. 8 
above and case No. 32 presented below 
All 3 had a tuberculous appendix 
removed. 

Case 20. A 33-year old white male 
with extensive pulmonary tuberculosis, 
rather suddenly and without previous ab- 
dominal symptoms, developed — severe 
cramping and aching lower quadrant 
pains. This continued for 24 hours with 
right lower quadrant tenderness and 
slight muscle spasm. There was full 
awareness of the possibility of intestinal 
tuberculosis, but in view of the immediate 
history and physical findings, an appen- 
dectomy was performed. The appendix, 
5 cm. in length and 2 cm. at the base, 
was filled with thick mucopurulent ma- 
terial. Microscopically there was seen 
a lumen containing purulent exudate, a 
markedly expanded submucosa with dis- 
crete and conglomerate foci of epithelial 
cell infiltration, caseous necrosis, giant-cell 
reaction, scattered tubercles in the mus- 
cular coats, and acid-fast bacilli in Ziehl- 
Neelson stains of the specimens. Strepto- 
mycin was started immediately post opera- 
tively, at a dosage of 2 gm. in 5 doses a 
day, and the surgeon waited for the ap- 
pearance of the expected fecal fistula. 
No fistula developed. The drain was 
removed after 7 days. Healing was nor- 
mal and repeated abdominal examinations 
revealed no sign of remaining disease. 
Streptomycin was discontinued after 31 
days. 

Obviously some cases of this sort 
can be and have been operated on with- 
out complications, even though strepto- 
mycin was not used immediately post- 
operatively. Case No. 24 is of interest 
in that an appendectomy was success- 


fully performed and 60 days elapsed 
before streptomycin was used. Usually 
a surgeon should be able to tell from 
the appearance of the tissues whether 
a fecal fistula is to be expected. 

Case 24. A 20-year old colored male 
with far advanced, active, pulmonary 
tuberculosis had a tuberculous appendix 
removed 60 days before streptomycin was 
started. Abdominal pain and tenderness 
was not relieved. There had been no 
elevation of temperature except during 
the attack of appendicitis. A gastro-in- 
testinal series, performed 30 days before 
streptomycin was started showed spasticity 
and irregularity of contour of the cecum 
and terminal ileum. Thirty-four days 
after institution of streptomycin, a gastro- 
intestinal series showed a decrease in the 
irregularity and spasticity, and 75 days 
after streptomycin was started further 
improvement was seen by Roentgen ray. 
On this last examination no deformity was 
visible in the cecum and only a minimal 
amount of irregularity was seen in the 
mucosal pattern of the terminal ileum. 
Abdominal symptoms were mild in this 
case, but were relieved following the in- 
troduction of streptomycin therapy. 

Another surgical case, admittedly 
hard to evaluate, is presented to il- 
lustrate the complications which can 
develop in these patients without 
streptomycin, and also the possible 
effect of streptomycin when these com- 
plications have had ample time to be- 
come established. 

Case 32. F.H., a 52-year old white 
male without symptoms of pulmonary 
disease, had been admitted for appen- 
dectomy 4% years ago. Following ap- 
pendectomy a fecal fistula developed. 
Eight months later, a tuberculous terminal 
ileum and cecum were removed and a 
double barreled ileo colostomy was left 
on the right side. Two years ago the 
patient was transferred to his present 
hospital. The distal loop of colon had 
undergone progressive contraction and had 
disappeared from the surface of the ab- 
dominal wall, leaving the proximal ileos- 
tomy draining fecal material. Surgery 
was again resorted to, and a _ formal 


ay. 
vas 
nal 
the 
im. 
his 

in- 


dly 

il- 
can 
out 
ble 
ym- 
be- 


hite 
1ary 
pen- 
ap- 
ped. 
\inal 
ida 
left 
the 
sent 
had 
had 
ab- 
gery 
mal 


STREPTOMYCIN IN TREATMENT OF TUBERCULOUS ENTERITIS 37 


closure of the distal colon was made. The 
ileum was involved in more tuberculous 
inflammatory tissue and was resected. An 
ileo-transverse colostomy was performed. 
Following this there were occasional bouts 
of abdominal discomfort and alternating 
constipation and diarrhea. Ten months 
ago the patient was transferred to the 
luberculosis Service because of the ap- 
pearance of an acinonodose infiltration in 
the lungs and elevated temperatures. 

It should be mentioned for completeness 
that in addition to the enteritis, otosclerosis 
had caused severe deafness, more marked 
during the last 3 years. Tuberculous 
epididymitis and tuberculosis of the blad- 
der were also present. The urine was 
often packed with white blood cells. No 
tuberculous-appearing calyces were seen 
on retrograde pyelography, but a moder- 
ately severe bilateral hydronephrosis was 
found. 

In spite of dozens of examinations, 
tubercle bacilli could not be found in 
sputum, gastric washings, urine or feces 
until 3 months ago when acid-fast bacilli 
were obtained from a guinea pig inocu- 
lated with the patient’s urine. Soon there- 
after a gastric washing culture grew acid- 
fast bacilli. 

As a further diagnostic and therapeutic 
procedure (removal or drainage of pus 
before specific chemotherapy) the patient 
was persuaded to have his right epididymis 


removed and tuberculous granulation tis-, 


sue was found. 

During the last 3 months betore strepto- 
mycin therapy, there developed increas- 
ingly severe attacks of intermittent colicky 
pain associated with borborygmus and the 
appearance of distended loops of bowel 
beneath the thin abdominal wall. These 
attacks came approximately three days 
apart and lasted for a few hours at first. 
Finally, they would continue for 10 or 12 
hours at a time. They usually ended 
suddenly and with the passage of watery, 
extremely foul smelling stools. Often 
demerol or morphine by hypo was neces- 
sary during the attacks. Bismuth and 
paregoric were ineftective. There was loss 
of weight, fever, weakness and anemia. 
Blood transfusions afforded temporary re- 
lief from the weakness and anemia. 


Courses of penicillin and various sulfa 
drugs were tried several times without 
effect. Eighty-seven days ago (written 
12-20-47) a course of intramuscular peni- 
cillin was started using 50,000 units 3rd 
hour. Seventy-five days ago streptomycin 
0.25 gm., 6th hour, was started. Fifteen 
days later the streptomycin was changed 
to 0.5 gm., 12th hour. Twelve days after 
streptomycin was started the patient re- 
ported, for the first time, that in spite of 
skepticism engendered by 42 years of con- 
tinued hospitalization for surgical and 
medical treatment, he was actually notic- 
ing improvement. He had slept for an 
entire night without abdominal discom- 
fort. His appetite was much improved 
and he no longer felt obliged to “watch 
his diet.” Examination revealed a much 
softer abdomen but there was still slight 
tenderness on deep palpation in the right 
lower quadrant. Since that time, attacks 
of borborygmus with pain and _ visible 
bowel loop distention have been much less 
frequent, less severe and of shorter dura- 
tion, 10 days to 2 weeks of complete com- 
fort passing between attacks. Stools, 
previously a foul smelling, thin, irritating, 
dark liquid, have become a normal fecal- 
smelling, light brown with the consistency 
of well cooked oatmeal mush. The tem- 
perature previously above 99, with almost 
weekly spikes above 100, became sub- 
normal and has remained around 98 since 
the first dose of streptomycin. The weight 
has remained near the low of 116 pounds 
in spite of improved appetite. The ulti- 
mate prognosis remains guarded because 
of genito-urinary disease. However, the 
patient has changed from a bitter com- 
plaining invalid who was doubled up in 
pain nearly one-third of the time to a 
smiling man who slaps his “belly” and re- 
ports he “feels better than he has felt in 
years.” 

Influence of Streptomycin On Radio- 
logic Findings. In 17 cases, the au- 
thors examined the roentgenograms and 
were able to discuss the findings with 
one of the radiologists at their hospital. 
A tabulation of findings was attempted 
but was abandoned as impractical be- 
cause of the variation in technique 
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used in various hospitals, the variation 
of findings seen in the films, and in ad- 
dition, a generally accepted feeling 
that fluoroscopic findings were of equal 
importance with the study of films. 
Since the impression of fluoroscopic 
findings is usually included in the 
Roentgen-ray report these reports have 
been summarized in 17 cases where suf- 
ficient pre- and post-treatment reports 
have been available. All of these cases 
showed abnormalities before treatment. 
In 6 of this group the findings returned 
to normal after treatment. In 8 cases 
definite improvement was seen but 
some residual deformity remained. 
Two cases (No. 4 and 8) showed marked 
residual abnormality and 1 case (No. 
21) developed signs of small bowel 
obstruction. Case 4, who had symp- 
toms for 22 months before treatment, 
showed no demonstrable change by 
Roentgen-ray in spite of a clinical re- 
sponse which was of the usual prompt- 
ness and completeness. 

The most marked disease radio- 
logically before treatment of any of the 
cases studied was seen in Case 8 (see 
clinical summary above), a 25 year 
old white male who had symptoms for 
32 months before treatment. With 
treatment it would appear that ulcera- 
tion healed but that contraction of scar 
tissue caused continued shortening and 
narrowing in the region of the greatest 
disease. One patient (Case 21) devel- 
oped Roentgen-ray signs of small 
bowel obstruction as has been men- 
tioned above in connection with the 
discussion of clinical results. 

From the radiologic standpoint, there 
was too much variation in the duration 
of intestinal disease, duration of treat- 
ment and duration of follow-up to 
draw any conclusion as to the ideal 
length of treatment. The average time 
required for maximum radiologic im- 
provement, the effect of duration of 
disease before treatment on the reversi- 
bility of radiologic abnormalities, the 


long-term effects of contracting scar 
tissue on bowel outline, are other, at 
present, unanswerable questions intro- 
duced by this therapeutic innovation. 
Suffice it to say that radiologic normalcy 
can be expected provided the abnor- 
malities are primarily those of local 
irritation, (i.e. spasm, hypermotility, 
loss of haustrations, mucosal irregu- 
larity, and others). Where ulceration 
has been deeper, more wide spread and 
of longer duration, and where lym- 
phatic obstruction and interstitial in- 
flammation have destroyed normal 
architecture of the bowel wall, irrever- 
sible changes may not only persist, 
but may cause further distortion due to 
the contraction of residual cicatrix. 
This residuum will be of only academic 
interest unless the continued contrac- 
tion of scar tissue is shown to lead 
frequently or even occasionally to 
bowel obstruction. 

Below are presented the summarized 
Roentgen-ray reports on 17 cases 
chosen because of adequate pre- and 
post-treatment examinations with the 
original interpretations being available. 
in other respects they are unselected 
and representative of the entire group 
including the 17 cases whose films were 
reviewed by the authors. 

Case 1. During 120 days, received in- 
tramuscularly 1 gm. per day, after 10 
months of symptoms. At 45 days before 
streptomycin, gastro-intestinal series show- 
ed irregular terminal ileum and complete 
emptying of the entire bowel in 24 hours. 
At 28 days before streptomycin, barium 
enema showed narrowing of lumen of en- 
tire colon and replacement of normal 
haustrations by numerous small irregu- 
larities of bowel outline, especially in the 
transverse colon. The cecum was small 
and narrow, the ileocecal valves irregular 
and thickened. At 142 days after strepto- 
mycin, a gastro-intestinal series showed 
normal motility and outline. Two days 
later, a barium enema showed no irritabil- 
ity, obstruction or spasm, and the proce- 
dure caused no pain. 


m 


a 
b 
SE 
h 
th 
a 
SI 
th 
rl 
di 
te 
di 
ce 
in 
re 
m 
m 
he 
ile 


STREPTOMYCIN IN TREATMEN' 


Case 2. He received 92 days’ intra- 
muscular treatment of 1 gm. per day 
after 2 months of symptoms. At 17 days 
before streptomycin,  gastro-intestinal 
series showed ileal segmentation at 6 
hours; at 7 hours the entire meal was in 


the distal colon. The terminal ileum 
and cecum were not visualized (Stierlin’s 
sign). At 10 days before streptomycin 


the barium enema showed easy filling 
of the distal colon, but poor filling of the 
right colon, cecum and terminal ileum, 


OF TUBERCULOUS ENTERITIS 


ized and the cecum slightly irregular in 
mucosal pattern. There was much less 
irregularity, spasm and _ irritability. Six 
days later, the barium enema showed the 
ascending colon and cecum only partially 
filled because of the discomfort, and there 
was persistent slight cecal irregularity, but 
no spasm or irritability. At 120 days 
after streptomycin the series showed a 
well filled terminal ileum, cecum and 
ascending colon and no irregularity seen. 
The barium enema. still showed slight 


Fig. 3.—Case 2. Barium enema 10 days before streptomycin shows a marked disturbance of 
mucosal pattern in the ileo-cecal area with polypoid changes and granularity. 


with rapid rejection of barium by the 
diseased portion of the bowel. There 
was a small amount of barium in the 
terminal ileum. Films showed marked 
disturbance of the mucosal pattern of the 
cecal area with polypoid changes extend- 
ing well up into the hepatic flexure. The 
remainder of the colon showed granular 
mucosa (Fig. 3). At 36 days after strepto- 
mycin, the series showed abnormal small 
bowel segmentation, straightening of an 
ileal segment, terminal ileum not visual- 


irritability in cecum and ascending colon, 
which filled easily as did the terminal 
ileum, and slight irregularity in cecum 
and ascending colon, but continued im- 
provement each time. At 180 days the 
enema study showed only loss of haustra- 
tions in the ascending colon and loss of 
pliability in cecum remaining. A retro- 
cecal appendix was visualized. Evacua- 
tion film showed slight distortion of nor- 
mal mucosal pattern in the ascending 
colon. At 300 days after streptomycin, a 
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Fig. 4.—Case 2, Barium enema 300 days after streptomycin started shows a normal, well filled 


Fig. 5.-Case 3. A film taken 6 hours after ingestion of barium meal 12 days before 
streptomycin was started shows marked irregularity in terminal ileum and cecum. 
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double contrast barium enema showed a 
completely normal colon (Fig. 4). 

Case 3. He received 60 days’ intra- 
muscular treatment cf 1.8 gm. per day 
after 4 months of symptoms. At 88 days 
before streptomycin, the barium enema 
showed an irregular, poorly filled cecum 
\t 49 days before treatment, on gastro- 
intestinal series, the cecum and ascending 
colon showed rapid passage of barium. 
\t 12 days before treatment, there was 
marked irregularity in terminal ileum and 
cecum with head of barium column in 
sigmoid at 6 hours (Fig. 5). After 30 
days of streptomycin, the contrast meal 
showed a narrow, irregular mucosal pat- 
tern in terminal ileum and an irregular 
spastic cecum. After 40 days of treat- 
ments, the barium enema showed a 
“feathery” irregularity of cecum especially 
at ileo-cecal juncture, and absence of the 
spasticity previously seen. At 86 days 
after streptomycin the enema study show- 


ed no deformity or irregularity in colon 
or terminal ileum, and good filling of 
both. At 300 days after streptomycin the 
gastro-intestinal series was normal (Fig. 6). 

Case 4. He received 120 days’ intra- 
muscular treatment of 1.8 gm. per day, 
after 22 months of symptoms. At 60 
days before streptomycin the gastro-in- 
testinal series showed a markedly irregular 
and narrowing cecum. These’ findings 
persisted after 120 and 180 days after 
streptomycin, in spite of complete relief 
of symptoms in 2 weeks and reduction of 
stools from 4 to 1 per day. 

Case 5. He received 120 days’ intra- 
muscular treatment of 1.8 gm. per day, 
after 5 months of symptoms. At 20 days 
before streptomycin, the gastro-intestinal 
series showed an extensive, spastic filling 
defect of cecum and ascending colon, 
persistent throughout the series (Fig. 7). 
At 50 days after streptomycin, the barium 
enema was interpreted as showing a nor- 
mal intestinal pattern (Fig. 8). 


b 


Fig. 6.—Case 3. A film taken 6 hours after ingestion of barium meal 300 days after the start 
#f streptomycin shows a normal cecum and ascending colon. 
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Fig. 7.—Case 5. A film taken 7 hours after ingestion of barium 20 days before streptomycin 
was started shows an extensive spastic filling defect of cecum and asceading colon. 


Fig. 8.—Case 5. A barium enema taken 50 days after the start of streptomycin was inter 
preted as showing a normal intestinal pattern. 
(42) 
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Case 6. He received 60 days’ intra- 
muscular treatment of 2 gm. per day, 
after 5 months of symptoms. At 12 days 
before streptomycin, the gastro-intestinal 
series showed: cecum and ascending colon 
tubular to hepatic flexure with 
complete loss of haustral markings and 
numerous very fine irregularities. At 
59 days after streptomycin, the films 
showed slight widening of lumen of as- 
cending colon and a return of haustral 


almost 


spastic. At 60 days after streptomycin the 
gastro-intestinal series showed an irregu- 
larity only in the region of the ileo-cecal 
valve. At 120 days after streptomycin 
the enema showed further improvement, 
no irregularity and better cecal filling. 
Case 8. He received 120 days’ intra- 
muscular treatment of 2 gm. per day, after 
32 months of symptoms. At 30 days 
streptomycin the barium enema 


before 
showed a 5 cm. segment just distal to 


Fig, 9. 


Case 31. A film taken 6 hours after ingestion of barium 14 days before streptomycin 


was started shows irregularity of mucosal pattern, defective filling, spasm and ulceration of 
cecum and ascending colon. dilated terminal ileum and swollen ileo-cecal valves with a string- 


like terminal ileum. 


markings. Fine irregularities persisted 
and the cecum did not fill. At 120 days 
there was “further improvement but still 
not normal.” 

Case 7. He received 60 days’ intra- 
muscular treatment of 2 gm. per day, 
after 6 months of symptoms. At 18 days 
before streptomycin, the gastro-intestinal 
series showed an irregular spastic cecum 
and proximal ascending colon. At 13 
days before treatment, the enema also 
showed same area motheaten, irregular, 


splenic flexure narrowed to one-third and 
irregular contour at the splenic flexure, 
and proximal to the splenic flexure a 4 cm. 
segment of normal colon. The balance 
of transverse, ascending colon and cecum 
were devoid of haustration, and narrowed 
to % and shortened. There was a spotty 
mucosal pattern typical of ulceration. A 
post-evacuation film showed 3% cm. of 
ileum as a “string sign.” At 25 days be- 
fore treatment the gastro-intestinal series 
showed the same, with all but the distal 
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descending colon involved in the ulcerative 
process. There was a small gastric residue 
at 6 hours with most of the barium in the 
ileum and colon. At 30 days after strepto- 
mycin, the barium enema showed a defi- 
nitely lessening spasticity with easy filling 
of terminal ileum, the distal several feet 
At 82 
days after streptomycin, the enema showed 
spasm and narrowing further diminished 
for most of the bowel, and the ulcerative 
pattern was absent. 


of which seemed to be involved. 


The ascending colon, 


WARD: 


continual narrowing. Several diverticula 
were present on the lateral wall of the 
ascending colon at the level of the ileo- 
cecal junction. There was a narrow ter- 
minal ileum, with definite dilatation in 
several coils of ileum. At 150 days 
after streptomycin the series showed the 
stomach empty at 6 hours and the head 
of the meal in the distal colon. 

Case 10. He received 14 days’ intra- 
muscular treatment of 2 gm. per day, 
after 5 months of symptoms. At 12 days 


Fig. 10 


Case 31. A film taken 6 hours after ingestion of barium 60 days after streptomycin 


was started shows a normal cecum and terminal ileum. 


however, was narrower and shortened as 
compared to previous films. Post-evacua- 
tion films showed less spasm in the as- 
cending colon than at previous examina- 
tion. At 91 days after streptomycin the 
showed at 4 hours a “string-like” 
loop of ileum at level of 15. There was 
normal intestinal motility, but a bizarre 
distortion of the terminal ileum and proxi- 
mal colon. At 150 days after streptomycin 
the barium enema showed further shorten- 
ing of cecum and ascending colon, with 


series 


before streptomycin, the 4 hour gastro- 
intestinal film the barium head 
in the rectum. The cecum and terminal 
few centimeters of 


show ed 


ileum were ragged. 
At 21 days after streptomycin, there was 
marked the de- 
formity. 

Case 11. He received 14 days’ intra- 
muscular treatment of 2 gm. per day, 
after 14 months of symptoms. Before 
treatment the barium enema _ showed 
changes in the cecum and terminal ileum 


improvement of cecal 
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and a fistulous tract from the medial 
aspect of the ascending colon just above 
the ileocecal valve. At 14 days after 
streptomycin, there was slight, but defi- 
nite improvement in cecum and fistulous 
tract, represented by only a small out- 
punching at its previous site. 

Case 18. He received 68 days’ intra- 
muscular treatment of | gm. per day 
after 4 months of symptoms. At 12 days 
before streptomycin, the gastro-intestinal 
series. showed possible ulceration in the 
terminal ileum, slight hypermotility, and 
spasm in the terminal ileum. At 30 days 
after streptomycin, the series showed a 
normal pattern and motility. 

Case 21. He received 14 days’ oral 
treatment of 2 gm. per day, after 7 
months of symptoms. At 30 days before 
streptomycin, the gastro-intestinal series 
showed a suggestive filling defect in the 
ileo-cecal region. At 17 days before treat- 
ment, the barium enema showed a constant 
filling defect in the region of the ileo- 
cecal valve; tentative diagnosis, tuber- 
culous enteritis. At 14 days after strepto- 
mycin, a 14 ASM flat plate showed 
distended loops of bowel with fluid levels; 
the enema showed normal fillin® of the 
large bowel, and a small bowel obstruc- 
tion. 

Case 23. He received 120 days’ oral 
treatment with 2 gm. per day, after 4 
months of symptoms. At 60 days before 
streptomycin, the gastro-intestinal series 
showed a spastic cecum. At 20 days 
before treatment, the barium enema 
showed a markedly spastic cecum that 
could not be filled. At 155 days after 
streptomycin there was no roentgenologic 
evidence of disease. 

Case 24. He received 30 days’ intra- 
muscular treatment of 2 gm. per day. 
During 45 days he got no treatment be- 
cause of the appearance of toxicity, and 
then 30 days’ intramuscular treatment 
was given: 1 gm. per day. A tuberculous 
appendix was removed 2 months previous 
to streptomycin. The duration of symp- 
toms is not known. At 25 days before 
treatment, the  gastro-intestinal series 
showed an irregularity of the distal 5 cm. 
of the terminal ileum and some spastic 
irregularity of the cecum. At 41 days 


after streptomycin the series showed the 
region of cecum and _ ileo-cecal valves 
much better filled and smoother. At 75 
davs after streptomycin, the series showed 
the cecum well rounded and filled, and 
‘he pattern of the s_nall bowel in vicinity 
uf the ileo-cecal valve more nearly normal. 

Case 25. He received 60 days’ intra- 
muscular treatment of 2 gm. per day, 
after 3 months of symptoms. At 40 days 
before streptomycin, the gastro-intestinal 
series showed a contracted irregular cecum 
and lower portion of ascending colon. 
At 30 days after streptomycin, the series 
showed better filling, slight persistent 
irregularity, and considerable improve- 
ment. 

Case 26. He received 14 days’ oral 
treatment of 2 gm. per day, 107 days’ 
intramuscular treatment of 1 gm. per day, 
after 4 months of symptoms. At 11 days 
before streptomycin the 6-hour film 
showed some gastric retention, with the 
head of barium at the ileo-cecal valve. 
There was slight distortion of the cecum, 
suggestive of ulceration. At 10 days 
before treatment, the barium enema show- 
ed a deformity of the cecum, possibly due 
to ulceration. At 30 days after strepto- 
mycin the gastro-intestinal series was nor- 
mal. At 74 days after streptomycin, the 
6-hour film showed no gastric retention, 
and the head of barium was in cecum. 
There was some constriction in the last 
part of the ileum, suggestive of spasm. 

Case 30. He received 85 days’ intra- 
muscular treatment of 2 gm. per day, after 
2 months of symptoms. At 8 days before 
streptomycin, the barium enema showed 
the terminal ileum markedly contracted, 
questionable contraction of cecum. At 
4 days before treatment, the series showed 
moderate spasticity of the transverse colon, 
and descending colon, induration and 
spasm of the terminal ileum. At 27 days 
after streptomycin the terminal ileum had 
a wider lumen and less irritability. At 
62 days after streptomycin the series 
showed residual narrowing of the terminal 
ileum, more than on previous examination, 
suggestive of scarring but with no sign 
of activity of the ulcerative disease. 

Discussion. A co-operative study 
involving 15 hospitals, a much larger 
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group of doctors and uncounted num- 
bers of nurses, secretaries, technicians 
and other hospital personnel has been 
summarized by the authors at the re- 
quest of the Veterans Administration’s 
Central Office Committee on Strevto- 
mycin. The intricacy of the program 
together with its novelty has made it 
difficult to assemble information which 
could be easily handled statistically 
Fortunately, however, the beneficial 
effect of streptomycin on ulcerating 
tuberculous enterocolitis secondary to 
pulmonary tuberculosis is so apparent 


Published with permission of the Chief 


clinically and by Roentgermray that 
detailed analyses of subtle changes is 
unnecessary. The use of streptomycin 
completely alters, for the first time in 
the history of tuberculosis, the dread 
outlook of “phthisical persons who de- 


velop diarrhea.” 


Summary: Thirty-three patients suf- 
fering from active pulmonary _tuber- 
culosis and a complicating tuberculous 
enteritis have been treated with strepto- 
mycin with striking improvement in all 
manifestations of the intestinal disease. 


Medical Director, Department of Medicine and 


Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 


or conclusions drawn by the authors. 
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THe usual clinical fragility test with 
hypotonic salt solutions leaves much 
to be desired. It is time-consuming 
and the results obtained with it are not 
always re producible. Both of these de- 
fects have their origin in the circum- 
stance that it involves a condition of 
osmotic and diffusion equilibrium. This 
requires some time for its attainment 
and it is strongly influenced by factors 
such as temperature, pH, ete. 

The present method® depends upon 
the measurement of rates rather than 
final equilibria; it is therefore more 
rapid than the usual method. Instead 
of an hour or more for the completion 
of a test, an observation time of 3 min- 
utes suffices. Instead of a series of 
hemolytic solutions, only a single solu- 
tion is needed. The amount of blood 
required is very small, a few drops 
from a finger usually being sufficient. 
The results are satisfactorily reproduci- 
ble and they furnish more varied and 
more complete information than do 
those of the older method. Finally, a 
permanent record can be obtained 
which not only shows the chief peculi- 
arities of the blood at a glance but pro- 
vides quantitative data for more exact 
analysis at any time. 


Standard Method. By this method the 
course of hemolysis is followed photograph- 
ically in a solution of a penetrating substance 
such as thiourea or glycerol suit: ably modified 
by the addition of a small known amount of 
sodium chloride. The time of hemolysis of a 
given red cell in such a solution depends in 


°A brief note concerning this method appeared in the 


212, 756, 1946). 


Society for 1946-47 (Am. J. Med. Sci., 


PENNSYLVANIA 
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part on its permeability to the chosen solute 
and in part on the degree of swelling it will 
tolerate before undergoing hemolysis, i.e., its 
fragility in the tisual sense. From a purely 
theoretical point of view it might seem un- 
desirable to combine the 2 dissimilar cellular 
properties of permeability and fragility. Prac- 
tically, however, it is advantageous in that it 
provides a greater number of possibilities for 
the distinction of abnormal from normal cells. 
Since the number of penetrating solutes is 
very large, and since the osmotic effect of the 
added salt may be varied over a wide range, 
the experimenter has at his disposal an almost 
unlimited number of possible test solutions 
from which he may select the one best suited 
to his needs. 

Of the solutions so far investigated, the 2 
most generally useful are 0.24 M_ thiourea 
and 0.18 M glycerol, the former containing 
0.18 and the latter 0.36 gm. % of sodium 
chloride. Within certain limits, the greater 
the amount of salt the greater will be the 
visible effect of any highly resistant cells that 
may happen to be present. Increasing the 
pH of the solution has much the same effect 
as increasing its salt concentration. 

The fact that the hemolytic test solution 
contains at least one-fifth of the isotonic con- 
centration of sodium chloride has an import- 
ant practical advantage, namely that the 
erythrocytes to be examined may be collected 
in a buffered 0.9% solution of sodium chlor- 
ide, which is then automatically diluted to 
the proper extent (e.g., 1 part of erythrocyte 
suspension to 4 parts of pure 0.3 M thiourea 
or to 1 part of 0.9% NaCl plus 3 parts of 0.3 
M glycerol) at the time the test is made. In 
this way a very small amount of blood suf- 
fices for the test, no anticoagulant is needed, 
the pH is kept under control at all times, 
mixing by pouring the hemolytic solution 
into the suspension occurs in a reproducible 
way, and exact measurements of all volumes 
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can be made with ordinary volumetric pip 
ettes. 

In the preparation of the necessary solu 
tions sodium chloride which is free from 
silver!.12 (e.¢., Merck’s “reagent, for biolog 
ical use”) and glycerol and thiourea of the 
best quality should be employed. Since the 
permeability of human erythrocytes to gly- 
cerol and their rate of hemolysis in glycerol 
solutions are greatly decreased by traces ol 
copper,®-® it is essential in work with this 
solute to use copper-free distilled water fon 
all solutions. 

For the maintenance of a pH value of 
approximately 7.4 (except when otherwis¢ 
desired) the blood is collected directly in 
0.9% NaCl buffered 1 in 20 with an isotonic 
phosphate mixture having this reaction; the 
subsequent changes caused by dilution are 
reasonably constant from experiment to ex- 
periment. A phosphate solution which at pH 
7.4 is very nearly isosmotic with blood may 
be prepared by adding concentrated HCl] 
drop by drop to M/8 Na,HPO, until the 
desired pH is attained. This stock solution 
keeps well in the refrigerator, but its dilute 
mixture in NaCl does not, and should there- 
fore be freshly prepared at frequent intervals. 

If a known volume of blood is collected 
with a syringe from a vein without stasis, it 
is sometimes advantageous to dilute it exactly 
25 times with the buffered salt solution; after 
a further ten-fold dilution its hemoglobin 
value can then be determined by direct com- 
parison with the frequently-employed acid 
hematin or hemoglobin standards for a 250 
fold dilution of blood. For hemolysis tests 
alone, however, an entire] adequate blood 
suspension can be prepared from a few drops 
of finger blood without exact measurement. 
care merely being taken to keep its concen- 
tration below the point at which coagulation 
is possible. In cases of severe anemia, in order 
to obtain a sufficiently concentrated suspen- 
sion, it is sometimes necessary to add a trace 
of heparin to the buffered salt solution or to 
centrifuge a more dilute suspension. For 
further study the initial suspension in all cases 
is brought to a chosen optical density, either 
accurately with a Klett-Summerson photo- 
electric colorimeter, using the red filter, or 
approximately by the procedure described 
below. It is then ready for use. 

While immediate examination of a sample 
of blood is desirable, properly prepared ini- 
tial suspensions may be kept for a time in a 
refrigerator. Normal blood under these con- 
ditions preserves its properties fairly well for 

} Grateful acknowledgment is made to all the 
assisted us in obtaining samples of abnormal blood 


who furnished their own blood for the establishment of the 


several days; some kinds of abnormal blood 
change more rapidly, but are nearly always 
usable for 12 hours or more. When blood is 
sO kept, it is of Course necessary to adjust its 
temperature before using it for a test. Proper 
temperature control is very important, par- 
ticularly When an accurate quantitative an- 
alysis of the thiourea hemolysis curves is 
desired. In our OWlh work a temperature of 
24° C. has been found to be a convenient 
compromise between winter and summer 
room temperatures. 

The properties of the entire erythro- 
cyte population of the blood are best 
shown by means of a photographic 
hemolysis curve. The appar atus em- 
ployed for this purpose is a modifica- 
tion of that first suggested independ- 
ently by Parpart'' and by Orskov."® 
Our own form of it employs as a very 
constant source of light, a Mazda No. 
1183 50 candle power bulb operated 
by 6 Exide 7-plate chloride type stor- 
age cells arranged as a series of 3 par- 
allel pairs. The light passes through the 
suspension of hemolyzing cells con- 
tained in a tube in a water bath to a 
Weston No. 594 photronic cell. A very 
sensitive and rapid Kipp and Zonen 
micro-galvanometer, an appropriate 
light projector, and a Cambridge re- 
cording camera, suitably slowed by 
gears, complete the equipment. 

A useful form of record (Figs. 1 and 
2) is one in which exposures are made 
every 10 seconds for exactly 3 minutes. 
At the beginning of each record there 
is indicated the position of no hemoly- 
sis, and at its end that of complete he- 
molysis, the necessary standards being 
obtained by appropriate dilutions of 
the working suspension with isotonic 
salt solution and saponin-containing 
distilled water, respectively. 

Results. Figs. 1 and 2 will serve 
to illustrate the general nature of the 
results yielded by the method+; fur- 
ther applications to clinical problems 
will be discussed by several of our as- 
sociates.* The first 2 records in Fig. 1 
are “normal” thiourea curves; with mi- 


persons, too numerous to mention individually, who 


with accompanying diagnoses and clinical data, or 
normal range of variation. 
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nor modifications they would represent 
the behavior of almost all of our series 
of over 200 healthy white subjects of 
both sexes. The corresponding curves 
for Negroes tend—though with excep- 
tions—to rise more slowly than those 
for whites.-* The chief features of a 
“normal” thiourea curve at a tempera- 
ture of 24° C. and a pH value of 7.4 
are: (a) an initial slow rise occupying 
a time of from a little less than a min- 
ute to 70 seconds, or occasionally more. 
b) a sudden acceleration of the rise, 
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marked by the appearance of a more or 
less distinct “angle” where the slope of 
the curve abruptly changes, (c) a rap- 
id rise lasting perhaps 50 to 70 seconds, 
and (d) a final slow rise which virtu- 
ally ceases long enough before the end 
of 3 minutes to give a flat top to the 
curve at or near the level of complete 
hemolysis. 

It is easy to show that the initial slow 
rise is due to swelling of the cells with 
little hemolysis. It is only necessary at 
the end of any selected time to add 


Fic. 1.—Hemolysis in a mixture of 4 parts of 0.3 M thiourea and 1 part of 0.9% NaCl. Photographic 


cording for 3 minutes at 10 second intervals. Ord 
ibscissae, time. Slight differences in the speed of the 
ch record carries its own time scale. 

Above (from left to right): (a) a typical white 


inates represent the extent of swelling and hemolysis; 
camera do not prevent accurate comparisons, since 


normal individual, (b) a second typical normal, (c) 


apparently normal individual in whom a slightly increased fragility has been regularly demonstrable for 


iost 5 years, (d) a somewhat resistant normal, 


(e) bank blood after storage for 3 weeks. 


Below (from left to right): (f) nutritional anemia, (g) hemolytic anemia, (h) primary pernicious anemia, 


sickle cell anemia, (j) carcinoma of the cecum. 


. 
‘ 
= 
- 
- - 


iG, 2.—Hemolysis in a mixture of 3 parts of 0.3 M 
sent the same samples of blood as in Fig. 1, arr 


oof 


glycerol and 2 parts of 0.9% NaCl. The curves 
anged in the same order, and similarly recorded. 
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enough concentrated sodium chloride 
to the tube containing the cells (i. e., 
0.6 ml. of 30% NaCl to 25 ml. 
pension) to bring the total concentra- 
tion of NaCl to approximately 0.9% 

Hemolysis is thereby stopped and the 
contents of the tube may now be cen- 
trifuged and its hemoglobin content 
determined. It is rare with the blood of 
healthy persons under these conditions 
to find any very considerable amount 
of free hemoglobin in less than one 
minute. Above the “angle” of the curve 
the amount of hemoglobin so found 
The characteristical- 


of sus- 


increases rapidly. 
ly steep slope of the curve in this re- 
to the tact that in normal 
blood the erythrocytes have 
fairly properties and 
undergo hemolysis at nearly the same 
time, with only a few of the most re- 
sistant cells remaining to account for 
the final slow leveling off of the curve. 


gion is due 
most of 


similar osmotic 


The presence of abnorm: ully fragile 
cells is clearly indicated by a shorten- 
ing of the time required to reach the 
“angle, which in extreme cases may 
even fail to appear at all. A good ex- 
ample of this condition is shown in 
Fig. lg representing blood from a case 
of hemolytic anemia. The rapid rise of 
the curve and the absence of any “an- 
gle” are obvious at a glance. We have 
also observed the gradual disappear- 
ance of the “angle” in bank blood test- 
ed at intervals over a period of several 
weeks (Fig. le) 

The opposite abnormality of ex- 
tremely high osmotic resistance of at 
least some of the cells is illustrated in 
Figs. lh, li, and 1j, re presenting per- 
nicious anemia, sickle-cell anemia, and 


t For the accurate measurement of fragility with 
found to be both reliable and convenient. Two sto 
3 parts of distilled water and (b) 2 parts of 0.9° 
are poured into 1 part of the adjusted buffered cel 
exposed to 0.36% NaCl. When solution (b) is 
0.47 NaCl. Under these conditions at 24 nom 
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carcinoma otf the cecum, respectively. 
Not only is the rise of the curve slower 
and more uniform here than in the case 
of normal blood but the level attained 
in 3 minutes is much lower. Sometimes 
in such cases the curve is convex above, 
sometimes it is concave, and sometimes 
it approaches a straight line. A further 
analysis of such differences, either with 
or without changes in the 
NaCl added to the hemolytic solutions, 
may perhaps yield additional informa- 
tion of value. 

We have made many Comparisons of 


amounts ol 


hemolysis curves such as those in Fig. 
| with fragility determinations of the 
usual sort and have never failed to find 
a general parallel in the results.} The 
present method, however, yields much 
more detailed and reproducible infor- 
mation than the older one, does so in 
a much shorter time, and requires only 
a single solution for cells having all 
possible degrees of susceptibility to os- 
motic hemolysis from the most extreme 
fragility to the most extreme resistance 
The reproducibility of the results is 
well shown by repeated 
on the blood of a single individual. 

happens that one of the authors, as 
is in good health as far as is known and 
has a normal value, has 
erythrocytes that are noticeably though 
not very strikingly more fragile than 
those of most other normal subjects 
the difference with hypotonic salt so- 
lutions amounting to a few hundredths 
of 1% of sodium chloride. During a p 
riod of nearly 5 years he has had oc- 
casion to obtain dozens of curves simi 
lar to Fig le. Over this entire period 
the “angle” of his thiourea curve has 


hemoglobin 


hypotonic salt solutions the following method has bes 

k solutions are required: (a) 1 part of 0.9°° NaCl 
NaCl to 3 of water. When 4 parts of solution 

1 suspension, the cells are thereby almost instantaneously 

similarly employed, the corresponding concentration 

ial erythroevtes at the end of 3 minutes show alm 


but not quite complete hemolysis in the former and a very slight degree of hemolysis in the latter solution 


The 2 solutions together, therefore, serve to dem 
presence of abnormally resistant and abnormally f 


may be made either on the hemoglobin content of the 
suspension itself. In the latter case it should be re 


be caused by a swelling of the cells as well as by he 


ymnstrate with considerable 


ragile cells, 


quantitative exactness the 


respectively The necessary measureme 
optical density of the 
membered that an increased transmission of light may 
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never failed to appear about 10  sec- 
onds earlier than that of most other 
normal thiourea curves. On the other 
hand, an apparently equally healthy 
colleague for more than a vear has 
shown an equally constant shift of his 


“angle” by some 20 seconds in the op- 
posite direction. In abnormal bloods 
such individual differences are much 


more striking, ‘and have been found in 
many cases to be equally reproducible 
from d: iy to day. 

For some purposes the glycerol-NaC} 
solution mentioned ‘has proved 
to be useful. In general, it emphasizes 
strongly than does the thiourea 
solution the presence of cells of very 
high resistance, since it con- 
(0.36% after mixing 
with the cell suspension ) to prevent 
completely the hemolysis of such cells. 
On the whole, the results obtained with 
this solution have been especially in- 
structive in cases of pernicious anemia 
and carcinoma of the gastro-intestinal 
tract (compare for example Figs. 1 and 
2 in which the same individuals are 
represented ). In view of the finding of 
Dziemian® that in the rabbit the per- 
meability of reticulocytes to glycerol is 
enormously greater than that of ma- 
ture erythrocytes, it will be interesting 
care the form of the 
‘lvcerol curves of human subjects hav- 
ng high reticulocyte counts. 


When the 
standard 


more 


osmotic 
tains enough salt 


to obse ‘rve with 


Colorimeter method. 
juipment for the 
ilable, much the 
m can be 


necessa;ry 
method is not 
type of informa- 
obtained with the same solutions 
d blood suspensions in several other ways, 
ough without the advantages of photo- 
One method is to use a 
‘ett-Summerson photoelectric colorimeter for 
llowing the Unfortu- 
hemolyzing 

instrument fail to 
between normal and 
iormal bloods as clearly as does the stand- 
method, which has a 


same 


iphic recording. 


course of hemolysis. 
observations — of 
this 


differences 


tely, direct 
throcvtes with 


ng out 


greater relative 
sitivity in the important upper part of the 


curve. Accurate temperature con- 
trol of a tube in the colorimeter is also dif- 
ficult, and there is an appreciable lag in fol- 
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lowing rapid optical changes. Despite these 
difficulties, however, any considerable osmotic 
abnormalities of erythrocytes can readily be 
detected by this method. 

For greater accuracy it is sometimes 
advantageous to carry on the process of 
hemolysis at a constant temperature 
outside the instrument and then to stop 
it at selected points by the sudden ad- 
dition of a sufficient amount-of very 
concentrated sodium chloride to bring 
the concentration of the entire mixture 
to 0.9%. Accurate leisurely readings of 
the suspension may then be made with 
the red filter, or of its free he moglobin, 
after centrifuging, with the green filter. 
A time of | minute with the thiourea 
mixture is suitable for showing in this 
way the presence of abnormally fragile 
(or permeable ) cells; a time of 3 min- 
utes that of abnormally resistant ones. 

Slit method. At times it may be desirable 
with no apparatus but a few test tubes to 
examine a sample of blood for indications of 
the nature and approximate magnitude of its 
possible departure from osmotic normality. 
This can be done as follows: A reasonably 
constant source of light is first provided by 
making a small slit (e.g, 1 x 25 mm) in a 
piece of blackened cardboard, pasting a piece 
of tissue paper over its rear surface, and 
placing behind it a suitable electric light bulb. 
The time is then measured at which the slit 
just becomes visible when viewed through a 
hemolvzing suspension in a 25 x 200 mm. 
test tube, the tube being held close to the 
eve and gently rocked from side to side. 

Since it is presumed that no instrument is 
available for the standardization of the work- 
ing suspension, this is done by eve. First 0.5 
ml. of the original concentrated suspension is 
placed in a clean test tube of the dimensions 
mentioned, then unbuffered 0.9% NaCl is 
added until the slit just becomes visible when 
viewed through the contents of the tube. A 
mark is made on the tube at the top level of 
the diluted suspension and the latter is poured 
into another similar tube for reference later, 
if needed. Next 10 ml. of the original sus- 
pension is placed in the marked tube and 
buffered NaCl is added to the mark, thus 
giving a suspension 20 times as concentrated 
as that through which the slit can just be 
seen. When this suspension is diluted 5 times 
and is then allowed to undergo hemolysis, 
the slit should again be seen when three- 
quarters of the cells have disappeared. 
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Though this approximate method of calcula- 
tion neglects the optic al effects of free hemo- 
globin and of swelling of the unhemolyzed 
cells, it nevertheless leads to a very satis- 
tactorily reproducible end- point, even in the 
hands of different observers at different times. 

The “slit time” for approximately 
75% hemolysis with normal blood in 
the thiourea solution is usually of the 
order of 2 minutes at 24° C.; with very 
tragile erythrocytes it may fall below 1 
minute and with highly resistant ones 
it may rise as high as 10 minutes, or 
more. It frequently happens that 
the differences between normal and ab- 
normal blood are more conspicuous at 
slit times representing more than 75% 
hemolysis. In such cases the working 
suspension can be made more than 20 
times concentrated the one 
through which the slit is just visible. 
It is also sometimes advantageous in 
working with this method to exagger- 
ate the effect of highly resistant cells 
by increasing the amount of salt in the 
hemolytic solution. 


even 


as as 


The necessary de- 
tails of this and other procedures will 
readily suggest themselves in practice. 

Electrocardiograph method. This 
developed by our associates W. E. 
E. Edelberg, and E. F. MacNichol, combines 
the desirable features of the standard method. 
including photographic recording, with greater 
availability 


method, 


Love, R. 


and compactness of equipment. 
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the 
and 


Records obtained with it will appear in 
following paper by Dickstein et al. *, 
it will be described in detail elsewhere! 


Svmmary. In order to avoid 
sources of error in the usual clinical 
fragility test with hypotonic salt solu- 
tions, as well as to shorten the time and 
reduce the number of solutions 
quired for a test, an alternative proced- 
ure is suggested in which a continuous 
hemolysis obtained, either 
with or without photographic record- 
ing, in a solution containing a penetrat- 
ing solute such as thiourea or glycerol. 

The hemolysis curves of more than 
200 normal subjects obtained in this 
way have shown a very satisfactory de- 
gree of similarity and reproducibility. 
Small individual peculiarities, when 
prese nt, may reappear with constancy 
over a period as long as 4 years. 

Characteristic and easily recogniza- 
ble departures from norm: have 
regularly been found in certain of the 
blood dy scrasias. Evidences of abnor- 
mal fragility and abnormal re sistance 
shown by the hemolysis curves, in gen- 
eral, run parallel with those obtained 
with hypotonic salt solutions, but the 
detailed 
differences and vields more reliable re 
sults than the 


curve is 


new method brings out more 


older one. 
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THE OSMOTIC RESISTANCE OF HUMAN ERYTHROCYTES 
IN NORMAL, CARRIER AND ANEMIC STATES: 
With Special Reference to Changes Due 
to Age, Race, Sickle-cell Anemia, 
Mediterranean (Cooley's) Anemia and Congenital 
Hemolytic Icterus. 


By Benyantin Dickstein, 


W. E. Lanp Messer, Jr., M.D. 
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T. Hastincs Witson, 
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PHILADELPHIA, 


PENNSYLVANIA 


(From The Children’s Hospital of Philadelphia, and the Departments of Pediatrics and 
Physiology, University of Pennsylvania, School of Medicine) ; 


of the osmotic re- 
sistance of erythrocytes in various blood 
disturbances have been recognized for 
many years and are frequently looked 
for as an aid in diagnosis. The usual 
fragility test, which employs hypotonic 
salt solutions, is not always satisfactory. 
and its uncritical use has led to man 
contradictory statements in the litera- 
ture. One of the most frequent sources 
of error in the test, as ordinarily per- 
formed, is the failure to control such 
critical variables as pH and tempera- 
ture. Jacobs and Parpart'® have shown 
that a temperature change of 0.5° C. or 
a pH change of 0.05 units has a meas- 
urable effect on the osmotic resistance 
of erythrocytes. Additional factors fre- 
quently neglected are oxygenation, 
relative proportions of cells and solu- 
tions, manner of mixing, and duration 
of exposure. 

Jacobs and his associates'* have re- 
cently developed a method which 
largely eliminates these various sources 
of error, and which has been found 
to give reproducible results over a pe- 
riod: of years. This method, adapted 
for photographic recording with a port- 


able electrocardiograph as suggested 
by Love, Edelberg, and MacNichol,*’ 
has been used in the present study. 
The hemolytic solutions employed 
were those recommended by Jacobs, 
namely: (1) 0.18M glycerol in 0.36% 
NaCl, (2) 0.24M thiourea in 0.18% 
NaCl, (3) 0.47% NaCl, and (4) 0.36% 
NaCl. Each solution has its own par- 
ticular usefulness, as will appear later. 


Procedure. The blood for the test is 
collected directly into a small test tube 
containing 0.9% NaCl solution buffered 
to pH 7.4 with an isotonic phosphate 
buffer. Eight drops of finger blood usu- 
ally suffice. Collection from a_ finger 
rather than from a vein enhances the 
value of this test in pediatric practice. 
The suspension so obtained is then diluted 
with more of the buffered salt solution 
to a chosen optical density as measured 
with Klett-Summerson photoelectric 
colorimeter, using the red filter. Oxygen- 
ation is virtually complete in such suspen- 
sions. One part of this suspension and 4 
parts of the hemolytic solution are then 
separately brought to 24+ 0.5°C. After 
sudden mixing, the changes in light trans- 
mission which accompany the swelling 
and hemolysis of the cells are recorded 

(53) 
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photographically for 3 minutes at a 
stant temperature of 24°C.* 

Figure 1 shows a set of typical curves 
obtained from the blood of a 
white adult, using the 4 hemolytic solu- 
Each shows, first, the de- 
flection produced by a non-hemolyzed sus- 
pension of the cells being studied. Fol- 
lowing a point, the 
course of swelling and hemolvsis is shown 


con- 


normal 


tions. record 


depressed signal 
3 minutes. Fin- 
another signal point, the 
completely hemolvzed SO- 


at 6 second intervals for 
ally, following 
deflection of a 
lution is shown. 


saline 36% saline 


Fig. 1.—Records obtained from a typical 
white with the indicated. 
Ordinates indicate swelling and hemolvsis o! 
the erythrocytes; abscissae indicate time, re 
corded at 6 second intervals. A record of 0% 
and 100% indicated 
before and after text for 
details. 


normal solutions 


hemolysis is 
curve. See 


1 
hemolysis 


each 


For the purpose of analysis, the amount 
of rise at the end of a 3-minute period is 
compared with that corresponding to com- 
plete hemolysis, and the ratio is expressed 
as a percent of the maximum deflection. 
Although the percent deflection does not 
equal numerically the percent hemolysis, 
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it is related to the latter in a reproducible 
manner; the greater the percent deflection 
the greater the fragility of the cells. It 
should be noted that small deflections may 
be produced by swelling alone without 
hemolysis. 

Results. 
method which gives reproducible re- 
sults, it has seemed worth while to re- 
investigate the 
normal erythrocytes, and of those found 
This study 


Having available a delicate 


osmotic behaviour of 
in several types of anemia. 
comprises observations on 170 normal 
and 90 abnormal individuals. The nor- 
mal group was composed of healthy 
individuals free from anemia. Each 
abnormal case was diagnosed on the 
basis of clinical and laboratory find- 
ings other than the fragility test. No 
individual with a questionable diag- 
nosis included. All samples ol 
blood were obtained by the method 
described, and tested with the 4 
hemolytic solutions within 6 hours of 
collection. All data except those for 
0.47% NaCl appear in Table 1. Re- 


sults of hemolysis with the latter so- 


Was 


lution have not been found to be ab- 
normal in any condition tested except 
in congenital hemolytic icterus, in 
which the fragility is increased. Fig- 
ures 5 and 6 show typical photographic 
records for each abnormality to be dis- 
cussed. 

Children vs. adults. It has not gen- 
erally been recognized by clinicians 
that there may be a marked difference 
between the osmotic resistance of the 
erythrocytes of adults and children. 
One worker*® finds no difference; an- 
other’* notes that children are “slightly 
more resistant.” 

The infants and children studied 
were from a boarding school and from 
the surgical wards of The Children’s 
Hospital of Philadelphia (those admit- 
ted for elective surgery, uncomplicated 
by blood disorders). Medical students. 


*The recordings were made in the Department of Physiology, Medical School, University 
of Pennsylvania, and were facilitated by a grant to Professor M. H, Jacobs. 
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nurses, and other persons associated 
with the Medical School of the Uni- 
versity of Pennsylvania were used as 
normal adults. In all subjects hemo- 
globin determinations were made!’ and 
only persons showing normal values 
were included. The moist non-stasis 
sickling test' was performed on all 
Negroes and only non-sicklers were in- 
cluded in the normal group. 

The percent deflection attained at 
the end of 3 minutes with each of the 
3 hemolytic solutions is given in Table 
1. The range and mean values are 
shown. It will be noted that the os- 
motic resistance in the white age group 
up to 10 years shows greater variation 
than that found after the 10th year, 
the former being more resistant on the 
average. This difference in the aver- 
age values. tor the glycerol solution is 
shown in Figure 2. The range of val- 
ues appears in full in Table 1. There 
appears to be little difference among 
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the first 6 age groups in the table with 
any of the solutions. In 0.36% NaCl 
the 63 white individuals under 10 years 
averaged 89.7% deflection (range 73- 
100) and the 62 cases over 10 years 
averaged 95.2% (range 90-100). Lesser 
differences in the same direction were 
noted with the thiourea solution. The 
difference between Negro adults and 
children is less marked than that among 
white subjects. For the proper eval- 
uation of abnormal blood, therefore, the 
characteristic differences between chil- 
dren and adults must be taken into 
account. 

Whites vs. Negroes. The red cells 
of the Negroes exhibit greater varia- 
tion than do those of whites (Table 1), 
and on the whole are more resistant. 
This average difference between the 
adults of the two races is shown for 
the glycerol solution in Figure 2. In 
the 0.36% saline the Negro children 
averaged 78% deflection at the end of 


*The detailed data for white normal adults, from which values used in this paper have 
been taken, will appear in a study of carcinoma by two of the authors (Wilson and Landmesser). 


TABLE 1.-SUMMARY OF OSMOTIC RESISTANCE VALUES FOR THE SUBJECTS 


STUDIED 
Per cent deflection after 3 minutes. 
Aye No. of Glycerol Thiourea 0.36% Saline 
Range Cases Mean Range Mean Range Mean Range 
Normal White 15-65 yrs. 50 91.5 80-100 99.0 94-100 95.3 90-100 
Normal White 10-15 yrs. 12 90.1 80-100 99.3 98-100 95.1 90-100 
Normal White 5-10 yrs. 10 80.6 62-90 96 80-100 91 73-98 
Normal White yrs. 14 84 70-95 98 96-100 94 89-98 
Normal White 3-4 yrs. 7 75 62-94 97 91-100 88 80-98 
Normal White 2-3 yrs. 11 71 60-82 98 96-100 87 76-99 
Normal White 1-2 yrs. 8 80 70-88 96 80-100 90 85-98 
Normal White O-1 yrs. 13 73 60-90 95 88-100 = 87 75-100 
Normal Negro 15-60 yrs. 15 71 38-88 81 52-99 76 35-92 
Normal Negro 10-15 yrs. 10 66 £0-92 91 64-100 76 50-96 
Normal Negro 5-10 yrs 22 72 54-90 96 78-100 84 69-98 
Normal Negro t-5 yrs 7 58 38-90 85 50-100 67 40-96 
Normal Negro 3-4 yrs 10 72 64-92 95 90-100 84 74-96 
Normal Negro 2-3 yrs 9 69 46-86 95 80-100 79 60-94 
Normal Negro 1-2 yrs 9 49 40-74 82 65-94 64 42-84 
Normal Negro O-1 yrs. 9 64 44-88 82 60-98 80 70-95 
Sickle Cell Anemia 9 mos 25 25 17-36 30 24-56 29 16-43 
14 yrs 
Sickle Cell Trait 9 mos.— 14 39 30-65 80 58-90 +6 30-55 
1] yrs. 
Cooley’s Anemia 2-13 yrs. 7 46 30-56 70 52-87 55 38-70 
Cooley’s Carriers 
Adults 17-63 yrs. 12 33 23-55 79 52-98 40 28-64 
Cooley’s Carriers 
Children 2-7 yrs. 6 40 30-48 72 45-85 45 38-53 
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3 minutes (range 40-98) as compared 
with 90% for white children (range 73- 
100); Negro adults averaged 76°% deflec- 
tion at the end of 3 minutes (range 35- 
92) and the white adults averaged 95% 
(range 90-100). This difference be- 
tween whites and Negroes has been sus- 
pected by a number of workers,?':*° but 
apparently not until recently has it 
been clearly demonstrated'* by simul- 
taneous and exactly comparable exami- 
nations of blood from individuals of the 
two races. 


% deflection 


end of the 3 minute period was 39% 
while that for normal Negroes of the 
same age group was 90%. However, in 
this solution the highest two of the 28 
anemic individuals overlap the lowest 
three of the 66 normal children. Similar 
results were obtained with the 0.36% 
saline in which the anemic average was 
markedly lower than the normal aver- 
age with a few cases overlapping. 
Figure 6 shows a typical record ob- 
tained with each of the 4 hemolytic 
solutions. 


WHITE 


1 ES 


0 to 10 yeors 


9 


Fig, 2 


10 to |S years Adults 


Average deflection attained in the glycerol solution for the various age groups in 


Negroes and whites. The higher the bar the greater the fragility. 


Sickle Cell Anemia. There are con- 
tradictory statements in the literature 
as to the fragility of the red cell in 
sickle cell anemia. One author‘ claims 
that the fragility is increased; others**"’ 
state that it is decreased. None of 
these workers mention possible racial 
differences in fragility, and since the 
race of their controls is not usually 
stated, it is possible that many of the 
latter may have been whites. 

All of the 28 individuals having 
sickle cell anemia had a marked in- 
crease in resistance of their red cells. 
Shown in Figure 3 is the percent de- 
flection in glycerol for each case. It 
will be noted that with this solution. 
there is no overlap with the normals 
(Table 1). With the thiourea solution 
the average for sickle cell anemia at the 


Sickle Cell Trait. As with the active 
sickle cell anemia, reports are contra- 
dictory. One author states that the fra- 
gility is normal;* others find it de- 
creased.'''® Here again there is a 
question as to the race of the controls. 

It is apparent from Figure 3 that the 
average resistance in glycerol for the 
sickle cell trait lies between the values 
found for normal Negro children and 
for children with the active anemia. 
although a considerable overlap is 
found when individual cases are con- 
sidered. In both thiourea and 0.36% 
NaCl solutions these same deviations 
from normal were found. 

It is evident from the overlap found 
when individual cases are considered 
that osmotic resistance is not as satis- 
factory for differentiating the Negro 
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with sickle cell trait from the normal 
Negro as is the moist non-stasis sickling 
test in common use. It may be possible 
with a more refined sickling test to 
obtain a more definite correlation be- 
tween osmotic resistance of the red 
cell and sickling. It has been noted 
in several instances that families with 
positive evidence of sickling among one 
or more members, contained persons 
with increased resistance of their red 
cells although the latter were negative 
to the sickling test. 
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Fig, 3.—Percent deflection attained in 3 


HUMAN 


resistance than normal. 


Sickle cell Trait 


ERYTHROCYTES 
All of our 7 cases have shown greater 
Since the in- 
dividuals with this disease were of 
Italian stock, 22 normal Italians were 
studied. No significant difference from 
other white normals was found. Figure 
4 shows the values obtained in 0.36% 
saline compared with those of normal 
children. Using glycerol as the hemo- 
lyzing solution, the blood of ‘patients 
with Cooleys anemia averaged 46% 
deflection (range 30-56), while the nor- 
mal children averaged 75° (range 62- 
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minutes with the glycerol solution. Each bar repre- 


sents | individual. The higher the bar the greater the fragility. 
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Fig. 4.—Percent deflection attained in 3 


minutes with the 0.360% saline solution. 


Each bar 


represents | individual. The higher the bar the greater the fragility. 


Mediterranean anemia (Cooley's Ane- 
mia). The high osmotic resistance of 
erythrocytes from children with 
Cooley's anemia has been noted by a 
number of authors.” Barrett® 
has demonstrated that the target cell 
is resistant to osmotic hemolysis. Baty, 
Blackfan, and Diamond* report that 
hemolysis begins in a more concen- 
trated saline solution than that of the 

ontrol, 7.e., that some of the cells are 
ibnormally fragile. 


3,10,23,25 


95). The blood in this anemia, con- 
trary to the above report, has shown no 
abnormal degree of hemolysis in 0.47% 
saline. Since all of these cases were 
receiving periodic transfusions it seems 
likely that many normal red cells were 
present in the circulation. It is prob- 
able that this dilution of thalassemic 
cells with normal ones has given more 
nearly normal values than would have 
been the case in the untransfused pa- 
tient. The 2 individuals with the most 
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nearly normal values had been trans- 
fused 2 weeks before testing, while the 
lst, 5th and 7th cases (Fig. 4) had not 
been transfused more recently than 2 
months earlier. 

The Carrier State in Mediterranean 
(Cooley’s) Anemia, It has been noted 
by several authors that the blood of 
persons with the carrier state of 
Cooley's anemia is more resistant than 

The erythrocytes of all of our 18 in- 
dividuals with the Cooley’s carrier state 
were resistant and lie well below the 
normal range. In Figure 4 is shown 


the percent deflection in 0.36% saline 
for each case, as well as the lower limit 
of normal. For simplicity, adult nor- 
mals were used as controls in this group 
since 12 of the 18 carriers were adults. 
The 6 children with the carrier state 
fell well below the normal range for 
children, which is indicated in the left- 
hand portion of Figure 4. In the gly- 
cerol solution the blood of the adult 
Cooley's carrier gave values averaging 
33° deflection (range 23 to 55) as com- 
pared with the normal adult average 
of 99% (range 80 to 100). The children 
showed a similar abnormality. Red 
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Fig. 5.—Typical records. See Fig. 1 for interpretation of the curves. 
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cells found in the carrier state are ap- 
parently more resistant than those in 
patients with active anemia, perhaps 
because of periodic transfusion of the 
latter. 

The osmotic resistance test appears 
to be of value for the detection of both 
active and carrier states of Cooley’s 
anemia, and is a valuable tool for the 
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of the 8 cases studied is shown in Fig- 
ure 5. Both the glycerol and thiourea 
curves in congenital hemolytic icterus 
rise more rapidly than those of normal 
blood. The 0.47% saline curve rises 
to a height well above the highest nor- 
mal, indicating abnormally fragile ery- 
throcytes. It should be noted that nor- 
mal cells also show a rise in this so- 
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rit 


Sickle cell anemia 


Fig. 6.—Typical records. See Fig 


genetic study of this condition, as has 
been suggested.” 


Congenital Hemolytic Icterus. The 
ucreased fragility of erythrocytes in 
ongenital hemolytic icterus is well 
nown. Clear cut cases may be de- 
ected with the crudest methods, but 
atients with slightly fragile cells may 
asily go unnoticed if a refined tech- 
ique is not used. For the detection 
f fragile cells, the 0.47% saline solu- 
‘ion has been found the most valu- 
ble. The photographic record of one 


. 1 for interpretation of the curves. 


lution, though a much smaller one, due 
chiefly to swelling of the cells rather 
than to hemolysis. In 2 suspected 
cases of congenital hemolytic icterus 
this method demonstrated fragile cells 
which were not detected by the usual 
fragility test. 

Among our cases is a Negro child 
with the typical bone changes of a 
chronic hemolytic anemia, micro- 
spherocytosis, a negative sickling test 
and markedly fragile cells. We have 
found 8 such cases reported in the lit- 
erature to 
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Miscellaneous. We have studied the adult controls cannot be used in fragi- 
bloods of 10 white and Negro children lity studies in infancy and childhood. 
with nutritional anemia. All fell within A comparable age difference was not 
the normal ranges for their correspond- — {gynd in the limited number of Negroes 
ing age groups. We have followed the 
fragility of 1 case of proven iron de- 
ficiency anemia for a _ period of 4 


thus far examined. 

3. The average osmotic resistance of 
the erythrocytes of the normal Negro 
is greater than that of the normal white 
ment, and found no significant change  ;,, the corresponding age group. 
even 6 weeks after the hemoglobin t The ervthrocvtes of children with 
level reached normal. onl: 

Two adults with primary pernicious 
anemia thus far studied showed def- 


months, before, during and after treat- 


anemia are more resistant 
than those of normal Negro children. 
The average for individuals with the 
initely more resistant cells than nor- coll trait tes that 
mal.* In 2 children with long standing sid:in coll enemies and that for the nor- 
congenital hypoplastic anemia no ab- mal, but with considerable overlapping 
normality was noted. in both directions. 

Summary. 1. Utilizing a reproduc- 5. In both Mediterranean anemia and 
ible method, photographic records of in its carrier state the blood is mark- 
the hemolysis of erythrocytes from 170 edly more resistant than that of the 
normal persons and 90 anemic individ- normal controls, the carrier showing a 


uals have been obtained. resistance as great as that of the anemic 
2. In white subjects the osmotic re- individual. 
sistance of the erythrocytes in the 0 6. This method has been found to be 


to 10 year old age group is greater valuable in the detection of slight in- 
than that of normal adults. Hence, creases in fragility. 


We wish to express our gratitude to Professor M. H. Jacobs tor his helpful suggestions and 
advice throughout the course of these experiments. 
We also wish to thank Miss Grace Chen and Miss Linda C. McKoy for their technical 


assistance 


*W. J. Brown and M. H. Jacobs obtained very similar results (as yet unpublished) in all 
of the 15 cases of this disease examined by them. 
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IN many cases of subacute bacteria! tinuous intravenous infusion.*:!’ Since 


endocarditis, the causative organisms 
are resistant to the antibiotic effect of 
penicillin given in ordinary therapeutic 
doses. This is due to the fact that in 
otherwise normal individuals, paren- 
terally administered penicillin is rapidly 
eliminated from the 
principally by way of 
bules. 


blood stream, 
the renal tu- 
so that unless given in massive 
doses, the blood concentrations of the 
drug are neither high nor sustained. 
For therapy to be effective, therefore, 
greater amounts of penicillin in the 
blood are required than are usually 
achieved. Higher plasma _ concentra- 
tions of penicillin may be obtained by 
the simultaneous administration of 
drugs which inhibit renal tubular ex- 
cretion than are obtained when peni- 
cillin is given alone. Such inhibiting 


agents are benzoic acid or sodium 
benzoate,*''* diodrast,'* para-aminohip- 
puric acid,* and The 


first two drugs are less effective than 
the others.” Diodrast and para-amino- 
hippuric acid must be given by con- 


*p 


caronamide, which is given by mouth 
is just as effective as the latter drugs, its 
use is much more practicable. Toxi 
cologic effects of caronamide in ex- 
perimental animals have been investi- 
gated by Beyer and his co-workers 
and were found to be minimal. 

In the caronamide 
was given with penicillin to patients 
with endocarditis 
to determine whether the plasma peni- 


present study, 


subacute bacterial 
cillin concentrations could be increased 
sufficiently to arrest the disease when 
the resistant to the 
usual penicillin alone. It 
was also hoped to learn whether car- 


organisms were 


doses of 


onamide in large doses would be wel! 
tolerated. 
of caronamide in such patients have 
been published elsewhere. 


Reports concerning the us« 


Method of Study. 
subacute bacterial 


Five patients witl 
endocarditis were 
Essentia 
data concerning these patients are sum 
marized in Table 1. Some informatio: 
was Obtained from 3 additional patients 


subjects for this investigation. 


enicillin for this study was furnished through the courtesy of Chas. Pfizer and Co., In 


Caronamide for this study was furnished through the courtesy of Sharp and Dohme, In: 
Funds for this study were provided in part by the Heart Demonstration Section of the Unit 


States Public Health Service. 


+ Caronamide is the non-proprietary name for 4'—carboxy-phenylmethanesulfonanilide. 
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KISMAN, KAY, 
also observed during the period covered 
by this report, but not reported in detail. 
Data obtained as to penicillin concentra- 
in these latter 
patients was included in the results below. 


tions without caronamide 


Crystalline penicillin “G” was used ex- 
clusively. 
of physiological saline solution, was ad- 
ministered intramuscularly at 3-hour inter- 


vals. 


Each dose, suspended in 2 ml. 


Individual doses used were 125,000 
units, 
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measured at 15 minutes, 30 minutes, | 
hour, 2 hours, and 3 hours following ad 
ministration of a dose of penicillin witl 
or without caronamide. Dose 


curves were thus measured. 


respons¢ 
These con 
centrations were measured only after the 
vatient had received therapy at that par 
ticular dosage for at least 18 to 24 hours 
Penicillin assays were done by a modifica 
tion of the serial dilution method of Ram 


250,000 


Caronamide was 


units, 


500,000 


or 


units. 


melkamp,'” using a standardized Group 


given orally, simultane- 


A strain of hemolytic streptococcus as the 


ously 


with 


Individual 


gm. 


the 


doses 


injection of 
varied from 


penicillin. 


0 to 5.0 


test organism. 
9) 


(2) During the periods of caronamid 


The longest 


single continuous course 


of caronamide therapy was in patient P.G.., 
who received 1.5 gm. every 3 hours for 
days. Another patient (H.S.) 
ceived 4.0 gm. every 3 hours for 31 con- 


7 re- 
secutive days, followed by 5.0 gm. every 


3 hours for 4 more days. Four patients 


received caronamide at 3-hour intervals 
for at least 22 consecutive days. Patient 
E.L., who received caronamide for 8 


days only, died of causes probably unre- 
lated to its administration, but pertinent 


information relative to its use was ob- 


administration the plasma _ concentratio1 
of this drug (mg. per 100 ml.) 
measured by the method of Ziegler and 
Sprague,22. from aliquots of the blood 
samples obtained for penicillin assay. No 
limitation of food or water intake during 


Was 


the measurement ot dose response curves 
was made. 


(3) Blood counts, urinalyses, and meas 
urements of blood urea nitrogen, plasma 
creatinine, phenolsulfonephthalein excre- 
tion and urea clearance were done at fre 
quent intervals. 


tained. The total amounts of penicillin Results. 1. Enhancement of Plasma 
and caronamide received by each pa- 
(C‘oncentration oft Penicillin by Carona- 
tient are recorded in Table 1. é iat 5 
mide. Table 2 presents the average 
rhe tollowing studies were made during 


the control periods of penicillin administra- 
tion alone, repeated during the period of 
caronamide administration, and again, 
when possible, after caronamide had been 
discontinued: 


concentrations ob- 
tained at stated time intervals follow- 
ing the intramuscular administration of 
varying amounts of penicillin. Table 
furnishes data similar 


penicillin plasma 


3 obtained in 


1) At frequent intervals throughout fashion during periods of caronamide 
the course of treatment. the penicillin therapy. Comparison of the results 
plasma concentration (units per ml.) was in Table 2 with those in Table 3 
TABLE 2.) PLasma CONCENTRATIONS WITHOUT CARONAMIDE 
h lual Per n No.of 
D 1 Determir Penicillin Pl 1 ntration (1 Ll) at 
in min hour he 
2 { 4.19 (4.04 {2.06 {1.02 {0.26 
14.11 14.11 11.43 0.52 10.17 
125,000 l 4.10 4.10 2 80 1.40 0.70 
GD. 61 1.36 1.37 0.91 0.11 
iverage 3. 44 1.80 0.98 0.31 
Votal: 4 range 1.36-4.19 1.37-4.11 0.91-2.80 0.52-1.40  0.11-0.70 
iverage , 0 2 27 0.67 0.20 
range 0.98-—5.20 0 &8-5.30 0.18-1.70 0.06-0 
iverage 12.04 11.43 6.68 +. 01 1.91 
moon 
range 5.2-20.89 3.9-16.54 9-108 0.32-8. 22 0.33-2 
BIN dmission was 40 mg. per 100 ml. 


tre 
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reveals that the administration of car- 
onamide resulted in significant increase 
in the concentration of circulating peni- 
cillin. This increase was noted in all 
specimens obtained during measure- 
ment of the dose response curves, and 
was especially apparent in the 2 hour 
and 3 hour: specimens, where the en- 
hancement was 3 to 10 times. 


2. Caronamide Plasma Concentra- 
tions. Results presented in Table 4 


show that the plasma concentration of 
caronamide varied with the dose ad- 
ministered, and that 3.0 or 4.0 gm. was 


TABLE 3 


ADJUVANT TO 


PENICILLIN OD 


necessary to produce levels above 20 
mg. per 100 ml. Table 5 presents 
data which show that when the caron- 
amide level was: above 20 mg. per 
100 ml., the penicillin plasma concen- 
trations were higher than those in 
specimens in which the caronamide 
concentration was below 20 mg. per 
100 ml. This correlation between peni- 
cillin and caronamide concentrations 
was not demonstrated in the 15 minute 
specimens, but appeared to be positive 
in 3 hour samples. The enhancement of 
the penicillin concentrations when the 


PENICILLIN: PLasmMA CONCENTRATIONS with VARYING DosaGE or CARONAMIDE 
(1.5-4 Gm. Dose 
Ind Penicillin No. of 
Dosa Determin- Penicillin Plisma Concentration (U/ml) at 
Unit ations 15 mins () mins 1 hour hour hour 
M.C. (2 8.23 (10.86 {7.89 {2.82 (2.45 
125,000 (14.77 (2.12 18.29 «5.53 (5.42 
P.G 10.5 5.2 2.6 2.6 
average 11.16 16.49 +.a0 $3.65 3.49 
Total: 3 range 8 23-14. 77 10.86-22.12 52-8 29 2 5.53 2. 45-5 42 
average 8.5 5. 25 5. 1.11 
250,000 9 . 
range §.2-11.1 1.8-7.3 1.4-8.9 0.9-3.7 0.03-2.7 
average 25.52 23 85 18.01 15.09 10.13 
500,000 & 
range 10.3-62.6 10 5-43.86 7.86 48.51 2. 6 32.6 1.14-31.35 


* This patient was 9 years old and weighed 51 Ibs. 


TABLE +4. 


Dose of Caronamide 


No. of 


CARONAMIDE CONCENTRATIONS 


Average Caronamide Plasma Concentration 
(mq./ 100ml.) 


(Grams S pecimens 30 Minute Specimen 3 Hour Specimen 
1.5 7 15.8 
(every 3 hours) Range: 3.5-38.7 Range: 1.3-29.9 
3.0 6 33.5 $2.3 
(every 3 hours) Range: 19.0-51.0 Range: 17.5-55.0 
3 $2.1 $4.7 
(every 3 hours) Range: 13.5-48.9 Range: 34.1-59.4 
TABLE 5. CoRRELATION BETWEEN PENICILLIN AND CARONAMIDE CONCENTRATIONS 
Penicillin Cone. in 15 Min. Specimens Penicillin Conc. in 3 Hour Specimens 
{fter Caronamide After Caronamide 
tcillin Di With No Caron. Cone. Caron, Cone. Caron. Conc. Caron. Conc. 
U nits Caronamide <2) mg. >) mg. With No <20 mg. >20) ma. 
100 ml 100 ml Caronamide 100 ml 100 ml 
125,000 3.4 U/ml 0.31 U/ml 0.4 U/ml 1.97 U/ml 
250,000 3.0 U/ml* +8 U/ml 6.2 U/ml 0.20 U/ml 0.43 U/ml 2.45 U/ml 


500,000 12.04 U/ml 20.7 U/ml 


23.9 U/ml 


1.91 U/ml 8.5 U/ml 10.4 U/ml 


Plasma penicillin concentration in 30 minute specimens (average). 
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caronamide level was greater than 20 
mg. per 100 ml. was especially notice- 
able when the penicillin concentrations 
under those circumstances were com- 
pared with the concentrations reached 
when no caronamide was given. Table 
5 shows the concentrations of peni- 
cillin obtained without caronamide for 
comparison with the concentrations ob- 
tained during caronamide therapy. 

3. Toxic Effects of Caronamide. a. 
Among the patients 
reported, mild anorexia was occasion- 
ally noted during the first few days 
of caronamide therapy, but did not 
interfere with continuation of treat- 
ment. In one patient (H.S.), 4.0 gm. 
every third hour was well tolerated, 
but 5.0 gm. caused anorexia and some 
nausea. In two other patients, nausea 
and vomiting appeared promptly after 
institution of caronamide therapy; these 
symptoms precluded further use of the 
drug. No effects on bowel function 
were noted. 

b. Renal. Abnormalities of renal ex- 
cretory function were noted. With the 
possible exception of patient E.L., who 
will be considered separately, these 
were not of serious consequence, and 
all disappeared within a few days after 
caronamide was withdrawn. Among 
these other patients, none demonstrated 
retention of creatinine. Two patients 
showed a slight rise in blood urea 
nitrogen (each to 19 per 100 
ml.); one (M.C.) showed on one occa- 
sion an impairment of urea clearance 
to 28% of average normal function 
from a control value of 70%. No 
changes in the blood sugar, blood uric 
acid or carbon dioxide combining pow- 
er were noted. PSP clearance was 
regularly reduced during periods of 
effective caronamide therapy. Slight 
to moderate albuminuria was reported 
often. This finding will be discussed 
further below. An increase of urine 
leukocytes was observed in three pa- 


Gastro-intestinal. 


mg, 
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tients; in two of these, the appearance 
of the urine suggested gross pyuria, 
and in one, slight dysuria was noted. 
Each of these patients had been cath- 
eterized repeatedly, so that a cystitis 
might have been present. 

c. Hematologic. No evidence of any 
disturbance of red or white blood cor- 
puscles or platelets was observed during 
caronamide administration, regardless 
of dosage employed or duration of 
therapy. 

d. Dermatologic. In only one patient 
(M.C.), a morbilliform rash appeared. 


This had the characteristics of a peni-— 


cillin dermatitis, and disappeared when 
the type of penicillin was changed 
despite the fact that caronamide was 
continued. No other skin manifesta- 
tions were observed. 

4. Clinical Results and Post-mortem 
Findings. Of the 5 patients in this 
report, 3 were thought to be arrested 
after a minimum follow-up period of 
10 months. One of the 3 (M.C.), had 
previously failed to respond to repeated 
courses of penicillin and streptomycin 
in dosage adequate for most patients 
(Table 1). Patients P.G. and G.D. 
were desperately ill at the time of ad 
mission and throughout much of thei 
hospital stay. Each suffered major 
cerebral emboli which produced com 
plete hemiplegia. Patient G.D. re 
covered completely, but patient P.G 
still has evidence of cerebral damage 

Necropsies were done on the 2 re 
maining patients. Patient H.S., infected 
with a highly resistant strain of non 
hemolytic streptococcus, received larg: 
doses of both penicillin and caronamid 
for prolonged periods. Although high 
plasma _ concentrations of penicillin 
were obtained, therapy obviously was 
inadequate. Terminally, a  20-da 
course of bacitracin was likewise in- 
effective. This patient became pres- 
nant between courses of treatme! 
and received caronamide during t! 
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first 10 weeks of pregnancy. Three 
months after the last dose of carona- 
mide, in the 22nd week of pregnancy, 
the patient spontaneously aborted a 
well-developed male fetus. Necropsy 
examination of the fetus showed only 
evidence of prematurity. Findings at 
necropsy in the patient herself were 
limited to those which ordinarily ac- 
company fatal subacute bacterial endo- 
carditis. No lesions of the kidneys 
attributable to the prolonged carona- 
mide therapy were observed. Patient 
E.L., likewise infected with a_peni- 
cillin-resistant organism, received car- 
onamide for 4 days. On the second 
day of treatment, she was given a blood 
transfusion. After 100 ml. of blood had 
been received, she developed a chill 
and subsequent fever. Because a 
transfusion reaction was suggested by 
these signs, the transfusion was discon- 
tinued. Unfortunately, the donor blood 
was not rechecked with the patient's 
serum for agglutination. On the fourth 
day of caronamide therapy, she devel- 
oped marked oliguria, elevation of the 
BUN from the pre-treatment level of 
9 mg. per 100 ml. to 28 mg., and 
signs of rapidly increasing congestive 
heart failure. Albuminuria and _ the 
appearance of many red and white 
corpuscles in the urine were observed 
for the first time. (An earlier urinaly- 
sis done 6 days before showed a few 
red cells per high power field.) Since 
‘aronamide was suspected of having 
precipitated oliguria the drug was with- 
irawn, and treatment for congestive 
‘ailure was instituted. She improved 
omewhat, and caronamide was re- 
tarted one week later on a smaller 
Cosage schedule. However, 10 days 

ter the initial appearance of oliguria, 
she suffered a massive basilar sub- 
arachnoid hemorrhage and died. Dur- 
ig the pre-caronamide period, this pa- 
tient showed penicillin levels after an 
injection of 250,000 units as follows: 


2.8 U per ml. of plasma in the 30 
minute and 1 hour specimens and less 
than 0.06 U/ml. in the 3-hour speci- 
men. On the day oliguria developed, 
her concentrations after a similar dose 
were 8.9 U/ml. in the 1-hour specimen 
and 1.4 U/ml. in the 2-hour specimen. 
Caronamide concentrations were not 
measured at this time. At recropsy, 
in addition to the lesions anticipated 
in a case of subacute bacterial endo- 
carditis, there was an acute diffuse 
glomerulonephritis. None of the glom- 
eruli were normal, and only rarely did 
a capillary loop contain erythrocytes. 
The endothelial cells of the capillary 
loops were generally swollen, and the 
lumens were obliterated. There were 
many fibrinous adhesions between tufts 
and capsules. In a few glomeruli, the 
epithelium of the tufts was proliferat- 
ing. Nearly all of the proximal and 
distal convoluted tubules were degen- 
erating, and many of the epithelial cells 
were necrotic. Many of the nephrons 
also were distended with erythrocytes. 
Some of these were freshly extra- 
vasated, others were laked. There 
were occasional casts of hemoglobin, 
but in most, fragments of erythrocytes 
were visible. Hyalin casts were also 
present. 


Discussion. Caronamide has been 
shown by several investigations to 
enhance penicillin plasma concen- 
trations.”"'*'* We have been able to 
confirm these observations. Despite 
the fact that many dose response curves 
during caronamide administration were 
taken following doses of the drug which 
are presumed to be inadequate, as will 
be discussed below, the highest peni- 
cillin concentrations during the con- 
trol period were, in general, not as 
high as the lowest concentrations ob- 
tained with caronamide. Similarly, the 
maximum levels reached during ade- 
quate caronamide therapy exceed the 
maximum levels found when carona- 
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mide dosage was inadequate or with- 
held. These differences were most 
striking in the 2-hour and 3-hour sam- 
ples. 

In reviewing the data in Tables 2 
and 3, it is noted that in both tables, 
which give penicillin concentrations 
with and without caronamide, the con- 
centrations following 125,000 units 
were higher than after 250,000 units 
were administered. This discrepancy 
was unexpected, since one may assume 
that penicillin plasma concentrations 
will vary directly with the dose employ- 
ed. It appears to be the result of 
several factors. First, 2 of the 4 dose 
response curves measured with 125,000 
units of penicillin were done in pa- 
tient M.C., who at 51 years of age 
was much older than the other patients. 
\ third curve in this group was done 
in a patient admitted with considerable 
impairment of renal function, as evi- 
denced by a BUN concentration of 40 
mg. per 100 ml. on admission. Simi- 
larly, 2 of the 3 curves measured with 
125,000 units plus caronamide were 
done in patient M.C. Increased age 
and clinically impaired renal function 
might be expected to yield higher 
penicillin concentrations in the plasma 
than would be found in the absence of 
these conditions. Thus the average 
values may have been elevated. Sec- 
ondly, the 125,000 unit curves on pa- 
tient M.C. were assayed at another 
laboratory. The penicillin employed 
by this laboratory in the assays and 
that given to the patient were at first 
obtained from different manufacturers 
As this study continued, all later assays 
were done in the William Pepper 
Laboratory. In the latter, penicillin 
concentrations were lower than those 
found in the former laboratory when 
duplicate specimens were examined in 
each. However, when both labora- 
tories used penicillin from the same 
source for the standard in carrying 
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out the tests. results were generally 
the same. Thus. the higher levels 
obtained with 125,000 units may reflect 
differences in laboratory technique, 
which were later corrected. Neverthe- 
less, administration of caronamide in 
each instance resulted in enhancement 
of penicillin concentrations. 

In the treatment of subacute bacterial 
endocarditis, high concentrations of 
penicillin are desirable and_ often 
necessary. In several recent reports," 

° extremely large doses of penicillin 
were required in some instances to 
control the infection. Whatever con- 
centration of penicillin is thought to be 
necessary, and whether a high plateau 
of concentration or intermittent high 
peaks of concentration are regarded as 
more effective, it is apparent that at- 
tainment of these aims is facilitated 
when caronamide is employed as an 
adjuvant. Results similar to those re- 
ported in this study have been publish- 
ed, in which patients with subacute 
bacterial endocarditis were treated with 
penicillin and 

When caronamide concentrations ex- 
ceeded 20 mg. per 100 ml. the ef- 
fect of the drug on penicillin concentra- 
tion was consistent. At lower carona- 
mide concentrations, the effect was 
more variable and less striking. Three 
gm. of caronamide every third how 
usually maintained caronamide blood 
levels in the effective range, and this 
dose is therefore recommended 
therapeutic purposes. This finding is 
in agreement with results published 
elsewhere. In addition, caronamide 
was used for periods up to 60 days it 
these patients, and such prolongatior 
of therapy appeared to be feasible. 

Nausea and vomiting were at times 
sufficiently severe to preclude furthe 
administration of the drug. Otherwis« 
no important toxic effects were ol 
served, except possibly in patient E.L. 
The acute glomerulonephritis demon- 
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strated at necropsy in that case was 
not recognized clinically. The higher 
than average plasma penicillin con- 
centrations might well be due to renal 
insufficiency. Whether the transtusion 
reaction aggravated the lesion is un- 
certain. Furthermore, it cannot be de- 
termined whether the administration of 
caronamide had a deleterious effect 
on already damaged nephrons. It is 
unlikely however that either or both 
of these factors were primarily respon- 
sible for the renal lesion, since the ap- 
pearance of erythrocytes in the urine 
antedated the transfusion and the ad- 
ministration of caronamide. 

Transient urinary abnormalities and 
mild disturbances of renal excretory 
functions were noted in the other pa- 
tients, but disappeared promptly when 
caronamide was discontinued. Album- 
inuria was reported frequently, based 
on the results of the heat and acid test. 
Since completing this study we have 
found that in the urine of patients 
being treated with caronamide, the 
precipitate formed on the addition of 
acid may be composed entirely of car- 
onamide itself. If the acid is added 
before heating, and the precipitate 
separated by centrifugation, the super- 
natant urine will usually remain clear 
upon heating. Caronamide precipita- 
tion may have been responsible for 
some of the tests reported positive for 
proteinuria in these patients. On the 
other hand, some of the urinary ab- 
normalities found in these patients may 
have been produced by the focal 
embolic glomerulonephritis often found 
in patients with subacute bacterial 
endocarditis. 

In patient M.C., augmentation of 
penicillin plasma concentration by car- 
onamide was followed by arrest of 
infection, although the infection had 
ot been arrested previously by several 
ourses of penicillin or streptomycin 

lone. Although patients P.G. and 


G.D. were infected with penicillin- 
sensitive organisms, because of the 
severity of their disease, caronamide 
and penicillin were used in large doses, 
and it is believed that the ultimate 
enhancement of penicillin plasma levels 
by caronamide contributed materially 
to their recovery. 

Patient H.S. represents a therapeutic 
failure of the regimen employed. It 
is obvious that she never attained 
plasma concentrations of penicillin of 
sufficient magnitude to overcome an 
organism which developed high resis- 
tance. Whether enormous doses of 
penicillin, such as 20,000,000 units daily 
or even higher, would have resulted in 
recovery is not known. In this patient. 
the use of caronamide during preg- 
nancy probably had no effect on the 
development of the fetus. We do not 
believe that the drug was in any way 
responsible for the abortion, since the 
miscarriage occurred three months after 
the last dose of caronamide was ad- 
ministered. 

In conclusion we believe that  car- 
onamide has value as an adjuvant to 
penicillin in the treatment of subacute 
bacterial endocarditis, especially in 
those patients in whom elevation of 
penicillin plasma concentrations for 
prolonged periods is considered ad- 
visable. In the limited experience to 
date, serious hazards in its use have 
not been demonstrated. Its routine 
use in mild infections with penicillin- 
sensitive organisms does not appear 
warranted at the present time. The 
apparently low toxicity and ease of 
administration are desirable charac- 
teristics of the drug. 


Summary. l. Patients with sub- 
acute bacterial endocarditis were treat- 
ed with large doses of penicillin and 
caronamide. Caronamide was used 
in some patients for periods up to 60 
days without apparent harinful effect. 
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Enhancement of penicillin plasma con- 
centrations was noted uniformly. 


2. Mild effects on renal function 


were observed during periods of car- 


3. Three gm. of caronamide given 
orally every 3 hours resulted in thera- 
peutically adequate plasma concentra- 


tions of caronamide. 


onamide therapy. Except for one pa- 4. Nausea and vomiting following 
tient with major renal involvement, administration of caronamide may pre- 
these effects were of no serious conse- clude its further use in some patients. 
quence and disappeared after with- 
drawal of the drug. False positives tor 
proteinuria were frequently obtained 
because caronamide was precipitated ™anagement of subacute bacterial en- 
in an acid medium. Whether in one ocarditis is suggested. It can as a rule 


5. The use of caronamide as an ad- 
juvant to penicillin in the therapeutic 


patient caronamide played an etiologic — be continued throughout the entire 
role in the major renal disturbance period of penicillin therapy without 


which occurred is uncertain. toxic effects. 
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FUNCTIONAL SYSTOLIC MURMURS IN CHILDREN 


By R. Messetorr, M.D. 
NEW YORK, NEW YORK 


From the Cardiac Service of the Hospital for Joint Diseases and the Cardiac Consultation 
Service of the New York City Department of Health) 


In describing cardiac murmurs, the 
terms “functional” and “organic” are 
often employed though their use is not 
always clear. For instance, murmurs 
heard in individuals with anemia or 
with thyrotoxicosis are often labeled 
“functional.” What is actually meant is 
that the murmurs are not caused by 
structural or organic changes in the 
heart and that the cure of the under- 
lying disease will result in their disap- 
pearance. On the other hand, the term 
“organic” has been restricted to cases 
where it is believed that valvular 
changes are present, emphasizing 
thereby that murmurs due to ventricu- 
lar dilatation should be termed “func- 
tional.” If one could differentiate in 
every case between ventricular dilata- 
tion and valvular disease such an im- 
plication would not be objectionable. 
However, at times it may be difficult to 
determine whether a deformed valve 
or a dilated heart with a normal valve 
is responsible for the murmur. In such 
cases the terms “functional” and “or- 
ganic” are clearly confusing. 

To avoid such confusion it is prefer- 
able to apply the term “functional mur- 
mur only to individuals in whom struc- 
tural valvular changes can be reason- 
ably excluded and who are free of any 
disease, general or cardiac, that. is 
known to cause a_ systolic murmur. 
These criteria formed the basis for the 
selection of the children used in this 
study since, as far as could be discov- 
‘red, the only abnormality present was 
he systolic murmur. For such children 
the term “functional” has the advan- 
‘age of an established meaning and, 

ven if vague, has the merit of wide 
sage. 


Recent studies have shown that from 
8 to 20%'*.'4.18 of school children pre- 
sent systolic murmurs that are thought 
to be functional. Perhaps because of a 
different interpretation of “functional”, 
these figures are far below those earlier 
published, where it was stated that 
functional systolic murmurs were found 
in from 66 to 71% of the children exam- 
ined.” However, even 8 to 20% repre- 
sent a large number of children whose 
cardiovascular system must be studied 
in order to rule out organic disease. 
This may at times be very difficult since 
the differentiation between organic and 
functional murmurs can tax the diag- 
nostic ingenuity of the most. skilled 
physician. Thus, for example, about 
25% of all children examined by the 
Cardiac Consultation Service® are clas- 
sified as possible heart disease, most 
commonly on the basis of a systolic 
murmur whose significance could not 
be definitely evaluated. Similar diffi- 
culties were encountered in adults by 
Levy and his co-workers,® who found 
that the significance of late systolic 
murmurs was one of the moot points 
of diagnosis. 

The aforegoing considerations indi- 
cate that the recognition and the sig- 
nificance of functional systolic murmurs 
deserve further study. It was therefore 
deemed of interest to analyze in de- 
tail the functional systolic murmurs 
heard in 300 children. The results of 
this analysis as well as a discussion of 
the problem of the physical activity in 
these children form the basis of the 
communication. 

Material. The 300 children observed in 
this study were referred to the Cardiac Con- 
sultation Service either by school or by private 


(71) 
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physicians. In all, the sole cardiac abnor 
mality was a systolic murmur. All the children 
were between 6 and 14 vears ot ave. A care- 
ful history, a physical and a fluoroscopic ex- 
amination with particular emphasis on past 
or present evidence of rheumatic fever or of 
cardioy iS¢ ular disease were obtained on each 
child. Whenever indicated, laboratory exami 
nations were done to rule out the presence of 
infection, especially rheumatic fever. Those 
who gave a history of definite or possible 
rheumatic fever, or who showed any physical, 
fluoroscopic or electrocardiographic deviation 
from normal standards were excluded from 
the present study. After an appraisal of all 
the data thus obtained, the systolic murmurs 
of the 300 children were classified as “func- 
tional.” This diagnosis when made by a well 
trained cardiologist on the basis of a careful 
history and complete cardiovascular examina- 
tion has been found to be correct in almost 
98% of the cases.11:15 Hence, the murmurs 
analyzed in this report can be accepted as 
characteristic of the functional type as de- 
tined above 

In describing murmurs heard in children 
examined in the Cardiac Consultation Serv- 
ice, the cardiologists employed a_ standard 
form and nomenclature. The time, site of 
maximum intensity, quality, duration and 
transmission of the murmurs as well as_ the 
etfects of position and exercise on them wert 
cle S¢ ribed 

Description of Functional Murmurs. 
1. Time in cycle. All of the murmurs 
were systolic in time. In the literature 
practically every discussion of func- 
tional murmurs makes a point of stat- 
ing that such murmurs are almost inva- 
riably systolic in time, thus suggesting 
that on rare occasions they may be 
heard during diastole. The latter have 
been heard in children and in adults 
with severe anemia and are ascribed 
to cardiac dilatation.4'2 Hence, they 
have not been included in this study. 
\Moreover, such diastolic murmurs have 
never been described in non-anemic 
individuals. It is well to stress this 
point, for a faint high pitched blowing 
diastolic murmur along the left border 
of the sternum, characteristic of aortic 
insufficiency, may be the only manifes- 
tation of rheumatic heart disease. 
When, in such a case, a history of rheu- 
matic fever is absent and cardiac en- 


largement is not demonstrable, the 
question may be raised whether the 
diastolic murmur is functional in char- 
acter. Under such circumstances it is 
important to recognize that in the ab- 
sence of a severe degree of anemia, a 
diastolic murmur is due to organic dis- 
ease of the heart. 

2. Site of Maximum Intensity. It may 
be seen (Table 1) that the murmurs 
were heard at various sites along the 
left border of the sternum as well as at 
the apex. In the present series, 69% of 
the murmurs were located in the left 
2d or 3d space and 31% were located 
at or near the apical region. When the 
murmur is best heard at the apex (17% 
in this series) it may cause consider- 
able contusion, particularly if the mur- 
mur is moderately long and loud and is 
transmitted for a short distance to the 
left. Murmurs of this type may require 
careful and repea'ed observations be- 
fore a final decision can be made. 
When in the course of time such mur- 
murs become inaudible one assumes 
that they were not due to structural 
changes in the valve. However, the 
murmur of mitral insufficiency may, 
too, become inaudible after a_ time. 
Wilson’s observations!*? indicate that 
these murmurs are by no means con- 
stant and that in 8% of her cases they 
could not be heard on some examina- 
tions. Moreover, “The murmur (of ac- 
quired organic heart disease) was in- 
distinguishable from the so-called be- 
nign systolic murmurs in the majority 
of children at some time during the pe- 
riod of observation.” One can therefore 
only conjecture whether some of the 
apical systolic murmurs heard in the 
present series of cases were not due to 
mitral insufficiency. In the absence of 
a historv of rheumatic infection and in 
the absence of evidence of cardiac en 
largement it certainly was not justifi- 
able to assume the presence of organic 
heart disease in these cases. 


Murmurs best heard at or near the 
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pulmonic area do not present such diffi- 
culties and are more characteristic of 
functional murmurs. Nevertheless even 
faint and short murmurs heard at this 
site cannot be dismissed as unimpor- 
tant without a fluoroscopic examina- 
tion since, now and then, fluoroscopic 
examination of the chest will reveal 
an abnormal cardiovascular silhouette 
highly suggestive of a congenital heart 
defect. It appears, theretore, that the 
site of maximum intensity cannot be 
used as an absolute criterion to distin- 
guish between an organic and a func- 
tional murmur. 

3. Quality. Various terms have been 
aa to describe the character of mur- 
murs, both organic and functional. No 
one term is applicable in all instances 
since the quality of murmurs varies 
considerably and the ability of the indi- 
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vidual to classify auditory impressions 
is equally varied. The terms rough, 
blowing, musical and blowing-musical 
were used to describe the acoustic im- 
pressions of the physicians examining 
the children of this study. It may be 
seen (Table 1) that only 3% were classi- 
fied as rough, 36% were characterized as 
blowing and 55% as musical. A small 
number, 6%, appeared to have both 
musical and blowing qualities. In a few 
instances it was noted that the mur. 
murs which had a musical character 
when the child was at rest assumed a 
blowing quality when the heart accel- 
erated after exercise. 

More than 50% of the murmurs were 
accordingly musical in character. At 
times murmurs of this type could be 
better described as having a buzzing 
quality, a characteristic which appears 


1.—ANaArysis or Data on 300 Functionart Mourners 


Number Per cent 
Site of Maximum Intensity. 1. Pulmonic Area 65 22 
2. Left Spac« 143 17 
3. Left 4th Space 42 14 
t. Apex 50 17 
Quality. 1. Rough 15 3 
2. Blowing 108 36 
3. Musical 164 55 
1. Blowing-musical 13 6 
Intensity 1. Faint 200 66.6 
2. Moderate 100 33.3 
Pransmission 1. From left 2nd Space—65 cases 
alized 24 37 
Down left sternal border 41 63 
2. From left 3rd Space—143 cases 
Localized 23 16 
Up and down left sternal border 52 36 
Up left sternal border 22 15 
Down left shoulder border 16 33 
From left 4th Space—42 cases 
Localized 5 12 
Up left sternal border 835 83 
Short distance to left 2 5 
1. From Apex—50 cases 
Localized 8 15 
Up left sternal border 35 70 
Short distance to left 7 15 
Effect of Change in Position. 1. No change 33 11 
2. Louder in recumbency 184 61 
3. Louder in standing position 40 13 
4. Heard only in recumbency 20 4 
5. Heard only in standing position 5 1.5 
6. Heard only in recumbency after exercise 15 4.5 
7. Heard only in standing position after exercise 3 1 
ffect of Exercise. 1. No change 82 1] 
2. Louder 160 53 
3. Fainter 50 17 
4. Absent 23 7 
5. Murmurs appeared only after exercise 35 12 


S 
| 
e 
at 
a- 
C- 
n- 
e- 
ity 
yre 
he 
he 
to 
ot 
in 
en 
tifi 
the 


MESSELOFF: FUNCTIONAL 
to be confined to functional murmurs. 
It is of interest to note that in a pre- 
vious study’ in which sound tracings 
were used in an attempt to distinguish 
organic functional murmurs, a 
similar finding was observed. Organic 
murmurs do not appear to possess this 
peculiar buzzing character, a_ fact 
which may be used to advantage in the 
differential diagnosis. 

$, Duration. In 274 cases the mur- 
murs were short, while in the remaining 
they were moderately long. 
No instance of a prolonge -d murmur was 
encountered in this series. Because the 
time interval during which the func- 
tional murmurs are audible is fre- 
quently so short it may be difficult to 
decide whether an actual 
present or whether the adventitious 
sound is merely an impure first heart 
sound. In this series there were 33 chil- 
dren who were referred to the Cardiac 
Consultation Service with a diagnosis 
of possible heart disease because the 
referring physician had heard or be- 
lieved he had heard a systolic murmur 
but in whom the cardiologist could not 
detect a murmur in any eg even 
after This difference in find- 
ings y have been due to satiaien 
between a loud and impure first sound 
and a short faint systolic murmur. Le- 
vine’s advice may well be heeded: “By 
definition a systolic murmur, no matter 
how faint, must have duration; it must 
last an appreciable interval into systole 
between the first and second heart 
sound.,”? 

Intensity. In this study the inten- 
sity of the murmurs was described in 
terms of faint, moderate or loud. No 
instance of a loud functional murmur 
was found. Faint murmurs were heard 
in 200 (66% ) of the children, and mur- 
murs of moderate intensity in the re- 
maining 100 cases. Using Levine's? 
method of grading the intensity of mur- 
murs, one could say that the faint mur- 
murs belonged to grades 1 and 2 


trom 


instances 


murmur is 


exercise. 
may 
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whereas those of moderate intensity 
corresponded to grade 3. Levine* con- 
cluded irom a study of 1000 non-car- 
diac individuals, all adults, that  sys- 
tolic murmurs of grade 1 were fairly 
common, those of grade 2 less freque nt 
and those of grade 3, quite rare. In 
contrast, | of the systolic murmurs 
of this series were sufficiently loud to 
be termed grade ‘Lhese dif- 
ferences can probably be ascribed to 
the greater area of relative cardiac dull- 
ness during childhood and to the thin- 
ner chest wall, both factors permitting 
murmurs to be heard more easily. 

6. Transmission. As will be seen in 
Table 1, the murmurs were localized in 
60 cases. In the remaining, some degree 
of transmission was present regardless 
of the site of maximum audibility. Api- 

cal systolic murmurs were of pi articular 
interest in this regard, since, as already 


3 intensity. 


said murmurs in this region give rise 
to the major difficulties in diagnosis. 
Only 15% of the apical murmurs were 
localized, whereas 70% were transmit- 
ted to and up along the left sternal 
border and 15% were transmitted for 
some distance to the left of the apex. 
Equally variable was the transmission 
of the murmurs heard at the other 
sites: 16% of those heard at the left 
3d interspace and 37% of those heard 
at the left 2d interspace were local- 
ized; the remainder were transmit- 
ted up or down the left sternal border. 
Wide transmission of murmurs was not 
encountered in this series, probably be- 
cause none of the murmurs were very 
loud. Thus, in no instance was an api- 
cal murmur transmitted to the axilla or 

para-sternal murmur transmitted all 
over the pre-cordial area. While the 
absence of wide transmission is re- 
garded as a distinctive feature of func- 
tional murmurs it is equally well rec- 
ognized that the murmur of mitral in- 
sufficiency may also be faint and trans- 
mitted to only a limited extent. 

Since it is generally accepted that 
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the extent of transmission of a murmur 
is dependent mainly on its intensity, an 
attempt was made to determine this 
correlation in the present series. As 
may be seen trom Table 2, only 20% 
of the non-transmitted murmurs were 
of moderate intensity; the rest were 
faint. On the other hand, 63% of the 
murmurs that were transmitted were 
also faint. These findings suggest that 


Paste 2.—RELATION OF TRANSMISSION 


ro INTENSITY OF MURMUR 


Transmission of Murmurs Faint Moderately loud 
Localized—60 cases 18 12 
lransmitted—240 cases 152 88 


there may be other factors aside from 
the important one of intensity which 
determine the transmission of a func- 
tional murmur. In a previous study on 
functional murmurs in children it was 
found that these murmurs consisted 
mainly of high frequency vibrations.’ 
While living tissues are generally not 
good conductors of sound, they may 
conduct high pitched vibrations more 
readily than the low pitched vibrations 
present in organic murmurs. Hence, 
even though the intensity of a func- 
tional murmur is faint it would be 
transmitted better and be more audi- 
ble for a distance from its site of maxi- 
mum intensity than an equally faint 
organic murmur. However, regardless 
of the factors that permit a faint func- 
tional murmur to be transmitted, the 
important point is that the presence ot 
transmission of the murmur is not nec- 
essarily proof of its organic etiology. 

. Effect of Change in Position. Both 
the intensity and audibility of func- 
tional murmurs are influenced by the 
position of the subject. This feature has 
being of diag- 
iostic value. “The most distinctive fea- 
ture’, it is stated in one discussion,® 
for their (functional murmurs ) identi- 
‘ication is the change in intensity which 
hey undergo when the subject is asked 
o change position. Usually best heard 


xen often stressed 


in the recumbent position, they disap- 
pear, or at least are greatly diminished 
in intensity when the sitting or stand- 
ing position is assumed.” The effect of 
position on the murmurs analyzed in 
this study is summarized in Table 1 
The majority (61%) of functional mur- 
murs were loudest in recumbency and 
became fainter when the standing posi- 
tion was assumed. Only 13% were bet- 
ter heard in the standing position. In 
11% the change from recumbent to the 
standing position caused no change in 
the intensity of the murmurs. A_prac- 
tically similar number could be heard 
only in recumbency but in some of this 
group the murmurs became audible 
only after exercise. It appears, there- 
fore, that while there is some variabil- 
ity in the effect of position on the loud- 
ness of a functional murmur, one may 
say that, in general, the murmur dimin- 
ishes in intensity when the child as- 
sumes the erect position. This feature 
by itself is not characteristic of func- 
tional murmurs alone for the murmur 
of early mitral insufficiency may react 
in a similar fashion and be best heard 
in the recumbent position. 

8. Effect of Exercise. Functional mur- 
murs do not respond in a uniform man- 
ner to exercise with its attendant physi- 
ological effects on the cardiovascular 
system. The data in Table 1 show this 
lack of uniformity or distinctiveness. 
More than half (53%) were louder 
after effort; 17% became fainter after 
exe rcise; 11% showed no change. Only 

% disappeared after exercise. On the 
pores hand, in 12% of the children the 
murmurs appeared only after effort. 
The latter finding has been commented 
on by other observers such as Levine 
who noted faint systolic murmurs in 
normal individuals after exertion.’ 

Comment. The atoregoing analysis 
of functional murmurs illustrates the 
well-known difficulties encountered in 
their recognition. They do not possess 
a pathognomonic feature that can dis- 
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tinguish them from organic murmurs. 
Upon what criteria, then, can one rely 
to de ‘signate a murmur as functional or 
organic? It been stated that the 
various characteristics enumerated are 
common to both types of murmurs. 
Thus, in both 


murmurs is found: 


has 


transmission of 
neither can the 
effect of position or of exercise on the 
presence or intensity of the murmur be 


some 


used as conclusive evidence to swa\ 
the final appraisal. Moreover while or- 
ganic are characteristically 
loud and long, some of them may be 
faint and short. On the other hand, the 
study that functional 
» either faint or of moder- 
v (grades 1 to 3) and that 
in 92% they are of short duration. How- 
ever, in individual cases, these features 
may fail the examining physician and 
cardiovascular study is 
‘refore necessary properly to e valu- 

» the systolic murmur. 


murmurs 


present shows 
murmurs are 


ate intensity 


a comple te 


The physician 
wnt rely on the ste thoscope alone 
but must examine the whole child care- 
fully with the usual technical aids “to 
elicit by every known means, evidence 
for and against the presence of cardiac 
disease”.© The collective data thus ob- 
tained, tae than any one character- 
r finding, must be used to decide 
the nature of the murmur. Only by this 
means can one establish a correct diag- 
nosis of a functional murmur in a high 
percentage of cases. The significance 
of an equivocal systolic murmur resides 

in the fact that it calls for a complete 
examination. 

Great care is needed in the interpre- 
tation of the clinical findings, for unless 
the history, physical findings and roent- 
genologic studies are expertly corre- 
lated they too may prove to be a source 
of confusion. Thus, for example, there 
normal syndrome not  infre- 
quently encountered in children which 
may give to much trouble.* This 
consists of a triad: 1) a soft 
systolic murmur at the apex or 


istic oO 


is one 


rise 
syndrome 
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both; 2) a loud third 
heart sound which produces a gallop 
en when the heart rate is rapid; 
and 3 . prominent pulmonary conus 
with stri stake ning of the left border of 
the heart as seen on fluoroscopy. Un- 
less the examiner is on guard, he is 
likely to mistake this triad for rheu- 
matic mitral valvulitis, particularly if 
the child also has a history of rheu- 
matic fever. absence 
of a loud snapping first heart sound at 
the apex and the lack of roentgenologic 


monic area or 


In such cases, the 


evidence of cardiac 
cially of left auricular enlargement, are 
valuable 
basis for the clinical findings. 

The 


not end when he 


enlargement, espe- 


evidence against an organic 
physician’s responsibility does 
has established the 
functional character of the murmur, for 
almost invariably he will be que stioned 
as to the need for limiting the child’s 
physical activities. Considerable 
fusion is apparent in this regard. In the 
oe Consultation Service reports 
‘ frequently received from physicians 
recommending restrictions of the physi- 
cal training program or modifications 
of the routine at the very 
that the murmur is termed func- 
tional. that the uncertainty 
as to the nature of functional murmurs 
leads some physicians to regard them 
with distrust despite the large amount 
of data indicating the absence of heart 
It is well to em- 
phasize once again that functional mur- 
murs are not the result of organic dis- 
heart, and moreover, as de- 
this communication, are not 
associated with any disease process in 
the body. To limit physical activities 
under such circumstances 


con- 


classroom 
time 
It is clear 


disease in such cases. 


ease of the 
fined in 


s does not ap- 
pear rational. When questioned as to 
the desirability of these restrictions 
nan physicians will reply that they 


merely wish to “protect the child”. On 

mav well ask “protect against what 

Heart failure? Rheumatic Fever?” 
Whether ordinary or even moder 
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ately severe physical exertion can af- 
fect adversely a child with organic 
heart disease ‘of minimum to moderate 
extent who is free of any infection is 
still a moot question. None, however, 
will argue that the child with an iso- 


lated murmur is in any way handi-’ 


capped by this murmur or that such a 
child needs protection from the sup- 
posed ill effects of physical activities. 
Since children with functional mur- 
murs have normal cardiovascular sys- 
tems, both anatomically and_physio- 
logically, it is clearly not necessary to 
limit their exertions because of the 
murmur alone. Any attempt or sug- 
gestion to do so only leads to a suspi- 
cion on the part of the child and the 
parent that the physician is withhold- 
ing information from them and _ that 
the child is actually in a serious condi- 
tion. The harm that is done to the 
child's development, the unnecessary 
mental disturbance to the parents and 
the danger of initiating or perpetuat- 
ing a cardiac neurosis are the real dan- 
gers of such excessive protection on 
the part of the physician. 

It is apparent in dealing with situa- 
tions of this type that confusion still 
exists as to the significance of cardiac 
murmurs in children, and of the rela- 


° It will be noted that the author’s use of the term 
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tion of normal childhood activities to 
heart disease and to heart failure. Mac- 
Kenzie’s'? warning seems to have been 
forgotten. “Murmurs and_ irregulari- 
ties”, he stated in 1914, “have, there- 
fore, come to occupy a place in the 
symptomatology which is not in ac- 
cordance with their true significance.”'” 


Summary. 1. The various features of 
functional murmurs® heard in 300 
school children have been analyzed. 
These features include the site of maxi- 
mum intensity, quality, intensity, dura- 
tion and effects of change of position, 
and of exercise on the audibility of 
the murmurs. 


It is emphasized that there does 
not appear to be any pathognomonic 
feature that can distinguish a func- 
tional from an organic murmur. The 
only valid means of differentiating the 
two is to examine each child thor- 
oughly and carefully. This has been 
shown to lead to correct evaluation of 
the systolic murmurs in the majority of 
cases. 

3. The lack of the pathological sig- 
nificance of functional murmurs in oth- 
erwise normal children and the harm 
of restricting physical activities in such 

cases is discussed. 


“functional murmur” is restricted to these cases thought to 


he free of any disease, general or cardiac, that may cause systolic murmurs, thus excluding hemic murmurs, 
and others of non-cardiac origin. Until a satisfactory antorym can be found, for “organic murmur” (in the 


sense of one due to structural change in heart muscle 


necessary in the interests of clarity.—Eprror. 


or valve), definition of the term whenever used is 
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THERE is no agreement in the litera- 
ture regarding the electrocardiographic 
pattern in hyperthyroidism. Hoffman," 
the first observer to study the T waves 
in this disease, found a high T wave in 
Lead Two in 23 patients with hyper- 
thyroidism. Hoffman also noted an ap- 
parent relationship between the high 
T waves and the tachycardia. Krumb- 
haar’? described “unusually prominent 
T waves” in most cases of toxic goitre. 
In about one half of his cases the 
height of the T wave was markedly and 
persistently diminished after operation. 
In hyperthyroidism Hamburger et al.'° 
noted little relationship between the 
pulse rate and the height of the T 
waves, although they did observe some 
examples of high T waves. Following 
surgical treatment these waves become 
definitely lower in most instances. Mc- 
Guire and Foulger’* described “high 
rolling T waves” in several patients with 
hyperthyroidism. These authors were 
the first to demonstrate that these same 
[ wave changes appeared in normal 
subjects who were fed thyroid extract. 

In contrast to the findings noted 

bove, Don and Langley® found no 
1elationship between the basal metabolic 
rate and the P and T wave changes. 
‘\ose, Wood, and Margolies’® state that 
“while T wave changes occur immedi- 
ately after partial subtotal thyroidec- 


tomy in hyperthyroidism, they are not 
all of the same type; their occurrence 
is at present unpredictable, and they 
follow no pattern.” Low and inverted 
T waves in hyperthyroidism have also 
been described by many authors. White 
and Aub!® state that in hyperthyroidism 
the T wave is often low and its height 
does not necessarily parallel changes 
in the rates of metabolism; it some- 
times runs converse to it. Gordan, Soley, 
and Chamberlain® found abnormal 
tracings in 30% of their cases of hyper- 
thyroidism, but they demonstrated no 
correlation between the basal metabolic 
rate and the normality of the electro- 
cardiogram. These authors observed, 
however, that following operation the 
T wave abnormalities had disappeared 
in 14 of their 17 cases. 

In undertaking the present study, it 
was hoped that the ventricular gradient 
of Wilson’? would aid in elucidating 
this problem. The ventricular gradient 
is the net electrical effect, as projected 
on to the frontal plane, produced by 
differences in time-course of repolariza- 
tion in different regions of the ventri- 
cles. This effect is measured from the 
magnitude and direction of the mani- 
fest net area of the QRST complex. The 
magnitude of the gradient, a scalar 
quantity, is represented by the symbol 
(G), while its direction, a vector, is 
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represented by the symbel (G). When 
the QRS complex is unchanged, chang- 
es in magnitude and direction of the 
T wave reflect changes in the magni- 
tude and direction of the gradient.*® 

One of the recent developments in 
electrocardiography has been an_ in- 
creased understanding of the effect of 
cardiac position on the form of the 
ECG. The ventricular gradient is in its 
essence a quantitative analysis of ECG 
changes as they are projected on the 
frontal plane of the body. By the meth- 
od used, however, corrections are made 
for alterations in the position of the 
heart within the chest. In consequence, 
ventricular gradient analysis of suc- 
cessive ECGs on an individual will re- 
veal and measure intrinsic changes 
in the QRST complex independent of 
the ECG changes resulting from altera- 
tions in cardiac position alone. 

The relationship between the gradi- 
ent and the QRS complex is frequently 
altered by physiological change in the 
myocardium. It has been shown that 
in normal hearts the magnitude of the 
gradient, (G), decreases when the 
heart rate increases.*® In evaluating our 
data it was necessary to take into ac- 
count this observation. In order to elimi- 
nate the complications introduced by 
myocardial disease, no patient with 
definite or suggestive evidence of heart 
disease was included in this study. 

Method: 1. Hyperthyroidism. Cases with 
clinical hyperthyroidism were selected from 
the files of the Cincinnati General Hospital. 
Basal metabolic rates in these ranged from 

30 to +80%. All doubtful cases were ex- 
cluded as well as all cases with definite or 
suggestive evidence of heart disease. Of 18 
cases thus selected it was possible to follow 
up 14. Eight patients had undergone sub- 
total thyroidectomy 6 to 12 months previous 
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to the tollow-up ECG; 6 patients had been 
on thiouracil for the same period. A total of 
52 ECGs on these 18 patients were studied. 
From each ECG the longitudinal anatomical 
axis of the ventricles, (H), was estimated by 
the method described by Ashman,*.13 and the 
ventricular gradient was measured as de- 
scribed by Ashman and Byer.* The magni- 
tudes of the gradient, (G), were compared to 
the published standards.!+4 

In order to ¢ he k our tec hnique of measure- 
ment against that of Ashman and Byer we 
estimated the values of the gradient in a group 
of 30 normal controls. 

2. Thyroid Feeding. Because of the earlier 
report of McGuire and Foulger,!4 and in orde1 
further to augment the number of hyperthy 
roid individuals studied, 11 normal subjects 
were fed 6 grains of desiccated thyroid dail) 
for periods of 10 to 18 days. ECGs were taken 
at intervals and evaluated in the same man- 
ner as those of the patients. 

The ages of both patients and normal sub- 
jects fed thyroid varied from 14 to 39 years 
The sexes were about evenly divided. 


Results: 1. Tur MAGNITUDE OF THI 
VENTRICULAR GRADIENT. (a) Patients 
Our findings are given in Table 1. In 
the first column after the patient's num- 
ber is given the largest magnitude of 
the ventricular gradient, (G), expressed 
as its percentage of the mean normal 
value zs given by Ashman,’ observed in 
the electrocardiograms of each patient. 
In the next column is given the averag 
magnitude for all the ECGs recorded on 
each patient before therapy. Since the 
normal range in (G) is from about 40 
to 160% of its average value, it will 
be observed that only 3 of these aver 
ages exceeded the upper limits of the 
normal magnitude. The average mag 
nitude, however, is 130.75.75%. Thi 
is significantly greater than the averag: 
magnitude reported by Ashman fo 
132 normal adults (61 men and 71 wom 
en), namely 98.61.5%.4 It is also 


* In determining the direction and magnitude of the ventricular gradient, the net area, above or bel 


the 


base line, of the QRST complex in any two limb leads is estimated. These net values, expressed in mic 


volt-seconds, are used, just as one uses voltages, for finding the direction of the gradient. The magnitu 
G), or manifest QRST area, is found according to the principle employed for finding manifest potentia 
“Deviation of the gradient to the right” as used in this paper means rotation of the gradient in a “right ax 
direction, and “deviation of the gradient to the left” means just the opposite. We are aware that t 
theoretical interpretations of these relationships, as proposed by Ashman et al., have not met with univer 


acceptance, 


We feel, however, that their tables for determining the average directions and magnitudes 


the gradient can be used since they depend upon empirical observation and because in this paper it is 


our intent to discuss the interpretation of their data. 
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much greater than in our control group 
of 30 individuals, whose (G) averaged 
90.5+ 2.41% 

The change after treatment is shown 
in Table 1 in the third column after 
the patient’s number. The ECGs of only 
14 patients were available following 
treatment. Before treatment (G) in this 
group measured 126.7+7.0%. Follow- 
ing treatment the average fell to 85.0 
6.3%. The percentage decrease in (G) 


1.—VARIATIONS IN VENTRICULAR GRADIENT M 


HYPERTHYROID PATIENTS 


methods in evaluating the results in 
this group. The fluctuations in (G) 
from day to day were not unexpected, 
since they had previously been reported 
as occurring in normal untreated per- 
sons.’ In 10 of the 11 cases there was 
an increase in (G). The percentage 
change was obtained from an average of 
the progressive tracings on each patient. 
This change ranged from —4 to +58%. 
As indicated in Figure | the rise was 


AGNITUDE DurninG THerapy or Hyper 


PHYROLDISM 


Subject Highest Magnitude Average Magnitude Post-therapy Magnitude Percent Fall Type of 
of Normal) of Normal ) of Normal trom Average Therapy 
Ll. 195 170 167 2 Surgery 
2 139 108 60 44 Surgery 
, 123 96 66 31 Thiouracil 
i 149 132 ance cece 
5 236 143 41 71 Surgery 
6 130 95 69 27 rhiouracil 
7 S4 82 16 44 Thiouracil 
8 158 158 
3) 122 122 59 51 Surgery 
10. 103 96 80 16 Thiouracil 
oz, 157 138 98 29 Surgery 
12 15 123 71 42 Surgery 
13. 228 228 145 36 Thiouracil 
14. 136 112 79 x0 Surgery 
15. 119 115 96 17 Surgery 
16. 106 106 
17 134 134 
18 163 163 
19 140 140 110 21 rhiouracil 
apie 2.—VaARIATIONS IN VENTRICULAR GRADIENT MAGNITUDE oF Svusyecrs Durinc THyYRO 
MEDICATION (6 GRAINS DAILY 
Subject Control Average during Percent Six Week 
Medication Increas« Control 
A 98 155 58 91 
B 123 153 24 104 
74 107 44 
D 124 133 8 
E 93 146 57 95 
F 170 205 21 
G 117 132 13 
H 98 129 32 
I 101 S7 -4 
J 105 1i4 8 S7 
K 98 106 8 


in each case is shown in the next col- 
umn in the table. As indicated in the 
last column there was no apparent cor- 
relation between the type of therapy 
and the reduction in (G) following 
treatment. 

(b). Normal Subjects. Table 2 shows 
the effect of thyroid feeding (6 grains 
laily for periods of 10 to 18 days). 
since only 11 subjects were used, we 
iave not separately applied statistical 


steeper than this percentage suggests. 
Control electrocardiograms taken 6 
weeks after the discontinuance of feed- 
ing were obtained on only 4 of these 
subjects. These showed a return to (G) 
values which were the same as, or lower 
than, the original control values. In 
Figure 1 are also shown the variations 
in (G) observed following thyroid feed- 
ing. 

For the purpose of statistical treat- 
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ment we have combined the averages 
of the two groups; name ‘ly, the patie nts 
and the normal subjects fed thyroid. 
The mean (G) in the combined groups 
is 132.1+4.21%. This mean is signifi- 
cantly greater than the mean in our 
control group of 30 patients (90.5= 
2.41% 

2. RELATIONSHIP OF Hearr RATE AND 
GRADIENT MAGNITUDE. (a) Patients. 
When the heart rates in the patients were 
compared with the magnitudes of the 
gradients, no good correlation was 
found. But when all those cases were 
excluded in which there was abnormal 
deviation of the gradient, correlation 
shown in Figure 2 was found. In gen- 
eral the more rapid the heart rate, the 
greater percentage increase in (G). 

(b). Normal Subjects. One of our 
subjects who seemed normal clinically 
proved to have a gradient which lay 
outside the normal range as given by 
Ashman.* When this subject was ex- 


+ 


cluded, as shown in Figure 3, a good 
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correlation was found between the 
heart rate and (€ 
Even in the absence of rate increase, 
however, (G) is increased in magnitude. 
This demonstrates that the increase in 
magnitude observed after rate increase 
is not due to inaccuracy in the standard 
used for comparison. 
DEVIATION OF (G ), THE DIRECTION 
OF THE GRADIENT, FROM Its EsTiMATED 
NorMavt Direction. The method 
of estimating the average normal direc- 
tion of the gradient, (G) has been g given 
by Ashman.‘ In general, according to his 
findings, (G) should not deviate by 
more than 15° to the right or more than 
28° to the left of its estimated average 
normal direction unless the manifest net 
area of QRS axis (Ages) is small. In 
this latter case the normal range of 
deviation of (G) is somewhat greater. 
We studied 52 electrocardiograms 
taken before therapy on 18 patients 
with respect to deviation of G. The av- 
erage deviation (or diversion as Bay- 
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Fic. 1.—Individual variations in ventricular gradient magnitude of normal subjects during thyroid med 


cation (6 gr. daily for periods of 10 to 18 days). 


For each individual the first plotted reading is that of a control electrocardiogram. Thyroid medication wa 


begun the day this control reading was taken. The 


four readings taken on the 43rd day are also control 


All other readings were taken while subjects were receiving thyroid. No thyroid was given after the 18th da‘ 
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ley calls it*), of (G) was 13.5+2.2° 
to the right of its estimated normal di- 
rection, but in 10 of these cases the 
direction of (G) was still within normal 
range. In 8 patients the deviation of 
(G) was 15 or more degrees to the 
right. For comparison with these hy- 
perthyroid cases we estimated the de- 
viation of (G) in a series of 30 pa- 
tients without thyroid or cardiac dis- 
ease. In this group the average direc- 
tion of (G) was 1.30+1.18° to left of 
the estimated mean normal direction. 
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The difference in the mean (G) direc- 
tion in the two groups is 14.8+2.5° and, 
therefore, significant. 

Following treatment by surgery or by 
thiouracil not all the gradients which 
were deviated to the right returned to 
normal. In Case 1, (G) lay 15 de- 
grees to the right both before and after 
treatment. In Case 13, (G) was es- 
sentially unchanged after treatment at 
19° to the right. In Case 5, the 
change was from an average rightward 
diversion (3E CGs) of 38° to 20°. In- 
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2.—Puatients with clinical hyperthyroidism having ventricular gradients showing no significant deviation 


trom normai. 
Individual readings for ventricular gradient magnitude are plotted against heart rate. 
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Fic. 3.—Normal subjects fed thyroid having ventricular gradients showing no significant deviation from 


mal. 


Individual readings for ventricular gradient magnitude are plotted against heart rate. 


) 
140 ° 
t 

e 
r. 110 
ee 
“eee e 
90 e 
60 
60 

ned 
rol 


cluding these 3 cases the mean direction 
of the gradient following treatment was 
15+2.7° to the right in the 14 cases 
with follow-up ECGs. In Case 9, (G) 
was deviated 13.5° to the right before, 
and 29° to the left after treatment. 

Among the normal subjects fed thy- 
roid no significant changes were ob- 
served in the direction of the gradient 
either during the feeding period or in 
the subsequently recorded 
ECGs. 

No correlation was. found be- 
tween the percentage increase in (G) 
and the duration of the Q-T interval, 
or between the latter and the deviation 


control 


of (G 

5. No correlation was found to exist 
between the ECG changes and the ba- 
sal metabolic rate in these cases. 

Discussion. In order to make 
our analysis of the electrocardiograms 
in hyperthyroidism quantitative and 
meaningful it was essential to analyze 
the T-wave in terms of the ventricular 
gradient of Wilson. Now that the data 
have been presented, it is possible to 
translate our findings into ordinary 
electrocardiographic terminology. The 
increase in the gradient, observed both 
in the series of patients and the normal 
subjects fed thyroid, means that in 
relation to the magnitude of the QRS 
complex and minute heart rate, the T- 
waves are of greater magnitude than the 
average seen in normal persons. In 
only 3 of the patients and in 3 of the 
normal subjects fed thyroid, however, 
did the T-waves exceed the usual nor- 
mal range in magnitude; yet the aver- 
age size of the T-waves was definitely 
greater than in a comparable group of 
normal persons whose heart rates and 
QRS magnitudes were the same. In 
comparison with the T-waves of nor- 
mal persons whose heart rates are not 
increased, the T-waves in hyperthy- 
roidism, where the heart rate is com- 
monly increased, are actually not ab- 
normally large, and in this sense we 
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cannot agree that unusually high T- 
waves are a universal finding in hyper- 
thyroidism as some of the earlier re- 
ports suggested. We do believe, how- 
ever, that in comparison with the T- 
waves observed in other types of tachy- 
cardia occurring at rest, the T-waves 
seen in hyperthyroidism are on the 
average increased in height.2 In this 
regard they may be similar to the T- 
waves seen immediately following ex- 
ercise which are often larger than nor- 
mal.® Aside from the obvious sugges- 
tion that the relatively large gradient in 
hyperthyroidism may be’ related in 
some unknown manner to the elevated 
metabolic rate or the augmented car- 
diac output, nothing can be said _ re- 
garding the cause of this increase. 

The discovery that the ventricular 
gradient tends to become deviated to 
the right in hyperthyroidism is, we 
believe, a new finding. Translated into 
ordinary terminology, this means that, 
relative to the QRS pattern which is 
present, T, is low relative to Ts. Since, 
in proportion to the heart rate, the T- 
waves in hyperthyroidism are larger 
than in control groups, this may best 
be interpreted as an increase in Ts; rela- 
tive to T,; that is, there tends to be a 
rightward deviation of the electrical axis 
of that wave. In cardiac patients this 
is often a sign of early but chronic myo- 
cardial ischemia or fatigue in the lat- 
eral wall of the left ventricle. Slight 
myocardial fatigue, related to increased 
cardiac work, may possibly be the fac- 
tor which is responsible for this chang 
seen in some of our hyperthyroid pa 
tients. Since it is unassociated with pro 
longation of the Q-T interval, there is 
no indication of general ischemia o1 
fatigue affecting the whole ventriculai 
myocardium. The fact that none of th 
normal subjects fed thyroid showed ; 
similar change may be interpreted a 
indicating that it appears only afte 
the increased cardiac work has pei 
sisted for a relatively long time. Afte 


treatment the rightward deviation of 
the gradient disappeared in most of 
the patients who showed it. It has been 
previously noted that the Q-T interval 
is normal in thyrotoxicosis when the 
ECG is essentially normal.” 

Support for the suggestion that right- 
ward deviation of the gradient is a “fa- 
tigue’ phenomenon is given by obser- 
vations detailed above (paragraph 3 of 
the results); namely, that the relative 
increase in the magnitude, (G), with in- 
crease in heart rate holds only in that 
group of hyperthyroid individuals 
whose gradient directions are within 
normal range. La Due and Ashman‘ 
have noted a very large variation in (G) 
in patients with acute glomerulone- 
phritis and abnormal ECG findings. It 
is, therefore, probably to be expected 
that when analogous ECG changes oc- 
cur in hyperthyroidism, the correlation 
between rate and (G) should disappear. 


Summary. In hyperthyroid pa- 
tients who present no clinical manifes- 
tations of myocardial disease the ven- 
tricular gradient of Wilson, and hence 
the T waves, are larger than in normal 
persons with comparable heart rates. 

In many such persons the direction 
of the gradient shows a diversion or 
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deviation toward the right. This sug- 
gests a moderate degree of myocardial 
“fatigue” but the Q-T interval is not 
prolonged as it is in many patients with 
T waves of the so-called ischemic type. 

In normal persons who are fed des- 
iccated thyroid, equal relative increase 
in gradient and T wave magnitude oc- 
cur, but no signs of myocardial fa- 
tigue (deviation of the gradient) de- 
velop, even after 18 days of thyroid 
feeding. 

In both hyperthyroid patients and in 
normal subjects fed thyroid there is a 
fair correlation between heart rate and 
relative increase in gradient magnitude, 
providing the ECG is normal, that is, 
reveals no deviation of the gradient. 
No correlation was discovered between 
the gradient and the basal metabolic 
rate. 

Following treatment by operation or 
thiouracil in patients and after discon- 
tinuance of feeding in normal sub- 
jects, the abnormal deviation of (G), 
when present, tended to disappear and 
the magnitude of (G) diminished to- 
ward normal. 


We wish to thank Dr. Richard Ashman fo: 
his assistance in analysis of the data and 
preparation of the manuscript. 
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TREATMENT OF PNEUMONIA WITH 


INTRAMUSCULAR AQUEOUS PENICILLIN ONCE A DAY 


By WiLLiAM Wetss, M.D. 
RESIDENT IN MEDICINE 


AND 


ISRAEL STEINBERG, M.D. 
ASSOCIATE VISITING PHYSICIAN 
NEW YORK, NEW YORK 


(From the Medical Service of Dr, Henry C, Fleming, Sydenham Hospital) 


Tue clinical use of aqueous penicil- 
lin in the treatment of bacterial infec- 
tions has involved frequent injections, 
to the inconvenience of patient, nurse 
and physician. This regimen, in most 
cases, has made penicillin therapy a hos- 
pital procedure. The frequent dosage 
schemes in common use have been 
based on the assumption that adequate 
treatment depends on maintaining the 
blood concentration of penicillin above 
a certain minimal level. That level has 
been dictated by the sensitivity of the 
infecting organism to the action of 
penicillin in vitro. 

Tillett and his associates'*’® in 1944 
demonstrated that pneumococcal pneu- 
monia could be successfully treated 
with penicillin when the drug is omitted 
for 12 to 16 hours at night. During 
1946, Jawetz® showed that the anti- 
biotic effect of penicillin outlasts the 
measurable blood levels in mice in- 
fected with streptococcus. This was 
confirmed by Zubrod'* and the impor- 
tance of the blood level in penicillin 
therapy has been re-evaluated by 
Eagle’ and by Marshall.* Tompsett'® 
and his associates mention 26 cases 
of pneumonia successfully treated with 
300,000 units aqueous penicillin intra- 
muscularly twice a day until defer- 
vescence occurred, followed by one 
dose a day. 

This paper describes the treatment 
of 30 cases of pneumonia in man with 
a single dose of 300,000 units aqueous 
( 86 ) 


penicillin-G intramuscularly once a day 
until the temperature remains normal 
for 3 days. 

Method and Material. Thirty consecu- 
tive cases of pneumonia admitted to the 
medical wards during the first 3 months 
of 1948 form the material for this report. 
On admission, the diagnosis of pneumonia 
was made on the clinical history and 
physical examination, and was corrobor- 
ated by roentgenography. <A specimen 
of sputum was collected from all but 2 
patients and a sample of blood for culture 
in 24 cases. Then the patient was given 
an injection of 300,000 units aqueous 
penicillin-G intramuscularly, regardless of 
what time of day or night the patient was 
admitted. This was repeated at noon of 
each successive day until the temperature 
was normal for 3 days. 

There were 15 males and 15 females 
ranging in age from 16 to 72 years who 
were admitted in the Ist to 8th day of 
illness (the onset of the pneumonic pro- 
cess was taken as occurring with the chill 
and pleural pain). On the basis of the 
clinical appearance, the roentgenogram 
and complications, the degree of illness 
was graded as severe in 8, moderate in 
14, and mild in 8 cases. Blood culture 
showing pneumococcus was positive in | 
case, a mild one. Sputum studies were 
made in 28 cases and pneumococcus was 
found in 26, associated sometimes witl 
various organisms, including non-hemol\ 
tic streptococcus. Strep. viridans, B. in- 
fluenzae, and S. aureus. One lobe wa: 
involved in 25 cases, 2 lobes in 2 cases 
and 3 lobes in 1 case. Another cas¢ 
showed a central pneumonic process anc 
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in the last case, the roentgenogram 
showed a _ bronchopneumonia of both 
lower lobes. One daily injection was 
continued for 4 to 13 days, usually 5 to 
7 days. Two cases received 4 injections 
and 5 cases received more than 7.  Pa- 
tients were kept in the hospital until the 
roentgenogram showed complete resolu- 
tion or until delayed resolution was ade- 
quately studied. 

Results. The analysis of results in 
the 30 cases appears in Table 1. There 
were 4 groups according to response 
to treatment. Group 1 included 18 
cases (60% of the total number) in 
which cure was prompt and the tem- 
perature dropped to normal by crisis 
within 12 to 36 hours. Five cases were 
classified as mild, 10 moderate and 3 
severe. There were 17 lobar pneu- 
monias and bronchopneumonia. 
Seventeen cases showed pneumococci 
in the sputum, associated with strepto- 
cocci in 5 cases, Staphylococcus aureus 
in 2, and B. influenzae in 2 cases. One 
of the patients with lobar pneumonia 
had Strep. viridans in pure culture in 
her sputum.* Treatment in this group 
consisted of 4 to 7 injections. The 
following complications occurred: 4 
cases of latent syphilis, 1 pleural effu- 
sion, 1 hepatitis, 1 case of delayed reso- 
lution (roentgenographic signs still pres- 
ent after 4 weeks of observation), and 
| patient was operated upon on admis- 
sion for a strangulated umbilical hernia. 
One patient developed a recurrence in 
another lobe on his 16th hospital day 
just as his first lesion showed complete 
resolution; the same treatment was 
repeated and again produced prompt 
‘ure. 

Group 2 consisted of 9 cases (30% 
f the total) who responded to treat- 


ment more slowly and whose tempera- 
ture fell by lysis. Three cases were 
mild, 2 moderate and 4 severe. The 
percentage of severe cases was there- 
fore much higher in this group than in 
the first group. In 8 cases the lesion 
was lobar and in 1 case central in loca- 
tion. Sputum examination was done 
in 8 cases and pneumococci were found 
in all. Streptococci were found in a 
higher proportion of these cases than 
in patients of Group 1. Mixed infec- 
tion may be a factor in causing response 
to penicillin by lysis rather than by 
crisis. Since the temperature fell by 
lysis in this group, as many as 13 in- 
jections were required in contrast to 
4 to 7 injections in the crisis group. 
Complications consisted of: hepatitis in 
1 patient, scarlet fever in 1, latent 
syphilis in 1, delayed resolution in 2, 
and pleural effusion in 1. The patients 
whose resolution was delayed more 
than 4 weeks were both bronchoscoped 
but no endobronchial or tracheal lesions 
were found; bronchograms were done 
in both cases and one showed bron- 
chiectasis. Another severely ill pa- 
tient showed a possible cavity 2 cm. in 
diameter in the center of the consoli- 
dated lobe. She had no symptoms or 
signs of lung abscess and there was no 
history of foreign body aspiration. Her 
response to treatment was prompt. 
The cavity disappeared as the pneu- 
monia resolved. Serial roentgenograms 
were taken and complete recovery was 
noted at the time of discharge. One 
patient was admitted with a pleural 
effusion. He was a 32 year old male, 
moderately ill, who had received a 
sulfonamide and penicillin for 4 days 
prior to admission. He improved 


* This patient “— treated at another hospital 18 days before admission for a left lower lobe 
neumonia; penicillin was given in dosage of 5000 units intramuscularly every 3 hours and 
risis followed. No bacteriologic studies were done. On admission to our hospital, she had a 
ight upper lobe pneumonia and no evidence of her previous lesion on roentgenogram, This 
: of interest because within a period of about 4 weeks she was treated for 2 attacks of pneu- 
ionia by 2 different dosage-interval schedules: first by the multiple small dose method and 


1en by our method. She experienced prompt cure with each meth 
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rapidly with our method of treatment 
but his temperature fell by lysis. No 
tubercle bacilli were found in his spu- 
tum or pleural fluid. The sputum was 
not cultured but blood culture on ad- 
mission was sterile. On discharge he 
had a thickened pleura. 

Group 3 included just 1 case of fail- 
ure of this therapy. The patient was 
a 46 year old female who was sick 
for 3 days before admission. She had 
a right lower lobe pneumonia and was 
moderately ill. Her sputum contained 
Streptococcus viridans, although during 
her 2nd week of hospitalization a pneu- 
mococcus appeared. An initial course 
of 5 injections had no effect and her 
temperature spiked daily to 103° F. 
Penicillin was omitted for 2 days and 
then a 2nd course consisting of °6 in- 
jections was given. At this time her 
temperature reached a low grade level 
and persisted for several weeks. 
Chronic active glomerulonephritis was 
a complication and the pneumonia 
resolved over a period of 3 weeks. 
This conforms to the clinical 
course of streptococcus viridans pneu- 
monia resistant to chemotherapy as re- 
ported by Reinhart and Venning."” 

Group 4 consisted of 2 fatal cases. 
The first occurred in a 72 year old 
female who was admitted on the 4th 
lay of illness. She had a typical his- 
tory of pneumonia and a left lower lobe 
onsolidation was found on_ physical 


case 


‘xamination and roentgenogram: her 
vhite blood count was 27,000. She 


iad a spastic paraplegia and mild hy- 
vertensive heart disease for 15 vears. 
No sputum was obtained but biood 
She 
ppeared moderately ill and failed to 
show improvement on penicillin ther- 
apy. On her 3rd hospital day she de- 
‘eloped acute pulmonary edema and 
cied 12 hours later. Necropsy revealed 
benign nephrosclerosis, left ven- 
ticular hypertrophy and the left lower 


culture was sterile on admission. 
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lobe pneumonia. Postmortem culture 
from the involved lobe was sterile. 

The second death occurred in a 33 
year old male with a history of alco- 
holism. There was an immediate drop 
in temperature from 105° F. to normal 
after the first injection. Delirium then 
developed with a sharp rise in tem- 
perature to 105° F. He became cyan- 
otic and died 36 hours after admission. 
Blood tests for syphilis were positive, 
the blood culture was negative on ad- 
mission and the sputum contained 
pneumococcus in pure culture. Physi- 
cal findings and roentgenogram showed 
a right lower lobe pneumonia which 
was confirmed at necropsy, and here, 
too, the postmortem culture from the 
involved lobe was sterile. In addition, 
there was a small syphilitic aneurysm 
of the ascending aorta and a large fatty 
liver weighing 3200 gm. 

To summarize, 30 cases of pneumonia 
were treated with one daily intramus- 
cular dose of aqueous penicillin-G. 
Twenty-six cases had pneumococci in 
the sputum. Eighteen cases (60%) re- 
sulted in crisis, 9 (30%) in lysis, 1 
failed to respond to treatment (3.3%), 
and 2 ended in death (6.6%). Two 
cases (6.69) had a pleural effusion and 
3 cases (10.0%) showed delayed resolu- 
tion. Postmortem lung cultures were 
sterile. 


Discussion. The results compare fav- 
orably with those obtained by various 
in the treat- 
ment of pneumococcal pneumonia by 
the injection of smaller doses at fre- 
quent intervals. Comparison of the 2 
methods is shown in Table 2. The mor- 
tality rates reported in the literature 
vary between 0 and 18.5% depending 
on the kind of cases treated. The 
highest figure was reported by Meads 
et al..° for a series of severely ill pa- 
tients. Kinsman etal.’ reported no 
mortality in 75 cases, but his patients 
were soldiers, 2 youthful group of vig- 
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orous, well-nourished individuals treat- 
ed early in the course of the disease. 
Anderson and Ferguson' _ reported 
12.7% in 63 cases of males over the 
age of 35 years. Dawson and Hobby‘ 
had 10% deaths in 10 cases. Rotman- 
Kavka'* had 8.2% deaths in 170 cases. 
Tillett et al..° had 6.5% deaths in 106 
cases. Therefore, in 478 cases of pneu- 
monia treated with penicillin by mul- 
tiple daily doses there was 7% mor- 
tality as compared with 6.6% in our 
small series. In our patients there 
were no instances of purulent compli- 
cations but there were 2 cases of pleu- 
ral effusion (6.6%) and 3 cases of de- 
layed resolution (10%) as shown in 
Table 2. These figures approximate 


From the bacteriologic standpoint. 
this study is perhaps incomplete in that 
pneumococci were not typed, but there 
has arisen a difference of opinion with 
regard to the need for typing;'® since 
the advent of antibiotics many hospi- 
tals have ceased typing.’ It was noted 
that some patients had a low grade 
fever for several days after the initial 
drop in temperature, in the face of 
symptomatic improvement. This does 
not seem to bear any relationship to 
the end-result. This was also noted 
by Tompsett'® and by Bunn and his co- 
workers.” The latter used oral peni- 
cillin and it was found that a shift to 
intramuscular penicillin had no effect 
on this secondary fever. There is no 


TABLE 2. 


The Effectiveness of One Large Daily Dose of Aqueous Penicillin Compared with the Effectiveness 
of Multiple Small Doses by the Intramuscular Route 


Method No. of Cases Mortality Pleural Effusion Delayed Resolu- 
% tion 

Multiple Doses 

Meads!° 54 18.5 5.4* 

Kinsman? 75 0.0 6.6 0.0 

Anderson! 63 12.7 1.3 30.1 

Dawson? 10 10.0 

Rotman-Kavka"™ 170 8.2 

Tillett 106 6.5 1.9 2.8 

Total 478 7.0 5.0** 9.0*** 

300,000 units once a day 30 6.6 6.6 10.0 


* of 37 cases 
** of 281 cases 
*** of 244 cases 


the average incidence derived from the 
few reports in the literature which give 
data for the older method of treatment: 
5% and 9% respectively. The other 
reports do not mention these complica- 
tions. However, it may be noted that 
these comparisons are not strictly valid. 
Some reports varied as to the type of 
case, in the amount of penicillin per 
dose, number of daily doses and the 
duration of treatment. Nevertheless, 
in the absence of controls in our series, 
these statistics are of comparative 
value. 


explanation for this phenomenon ex 
cept that it may be due to the absorp 
tion of pyrogenic products from th 
area of inflammation. 

This report confirms in humans the 
experimental impression that the effect 
of penicillin is not dependent on the 
continuous maintenance of a penicillin 
level in the blood stream. It appears 
that the antibacterial effect of the drug 
outlasts the demonstrable blood leve! 
by many hours. This lessens the need 
for special forms of penicillin having 
the property of delayed absorptio: 
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Intramuscular doses of 300,000 units 
aqueous penicillin in man have been 
shown by McDermott etal." to give 
demonstrable blood levels lasting 4 to 
hours and this was confirmed re- 
cently by Tucker and Eagle'* for doses 
of 360,000 units. The question arises as 
to how penicillin continues to be effec- 
tive when measurable amounts of the 
drug are no longer present in the cir- 
culation. Parker and Marsh"! found 
that after the exposure of staphylococci 
to penicillin in vitro, there is a period 
during which the surviving organisms 
do not begin to multiply after the drug 
is removed. Another factor is the tis- 
sue storage of penicillin, for the drug 
may be retained at the site of infection 
long after it has disappeared from the 
blood, as suggested by Tillett et al." 

The concept of penicillin dose-inter- 
val is in the process of change. The 
blood level is not the only guide for 


treatment. Dosage must be based on 
the therapeutic effect of the antibiotic 
and take into consideration tissue de- 
pots and the bacterial recovery period. 
Storage varies with the dose of the 
drug and the tissue under consideration, 
while bacterial recovery varies with 
the organism infecting the host.‘ A 3rd 
factor is, of course, the protective me- 
chanism of the host. In the clinical 
attack on this preblem of dose-interval, 
the treatment of bacterial pneumonia 
by the injection of a large dose of 
aqueous penicillin once a day has been 
found to be effective. 


Conclusion. Thirty cases of pneu- 
monia have been treated with a single 
dose of 300,000 units aqueous penicil- 
lin-G intramuscularly once a day with 
results at least as good as those ob- 
tained by smaller doses at more fre- 
quent intervals. 
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During the course of studies on pa- 
tients with erythema multiforme exu- 
dativum associated with pulmonary 
lesions, attempts were made to isolate 
an etiological agent. Since the previ- 
ous observations? presented serologi- 
cal evidence suggesting that at least 2 
patients might have been infected with 
a psittacosis-like virus, an agent of this 
group was sought. Furthermore, since 
several other have sug- 
gested an etiologic relationship between 
herpes simplex and erythema multi- 
forme exudativum, the possible isola- 
tion of a herpes virus was considered. 
The results of attempts to isolate viruses 
from materials obtained from 5 pa- 
tients and the immunological findings 
in the sera of these patients are pre- 
sented in this report. 

Materials and Methods. J/solation 
Studies. Throat washings in 10°% horse 

broth, vesicle fluid from 
lesions, defibrinated blood 
obtained from 
recovered (C.K., R.U., and 
fatal (H.B. and C.L.)¢ 
pieces of lung were taken from the periph- 
ery of the lower lobes. Small pieces of 
the lung tissue were ground in a Waring 
microblender with enough infusion broth 
to make 25% or 50% suspensions. These 
materials were placed promptly in glass 
ampoules, sealed and stored in the dry 
ice cabinet until used. In order to 


bullous 
and /or 


serum 
skin 

sputum 
who 
In 2 


were 3 patients 
C.5.). 


Cases several 


control bacterial contamination, 5 mg. ot 
streptomycin was added per ml. of the 
throat washings or lung suspensions at 
the time of The materials 
were inoculated into mice intracerebrall\ 
or intraperitoneally and also, in the case 
of patients R.U. and C.S., on to the 
chorioallantoic membrane of 10 day old 
chick embryos. 

Serological Tests. The tests for cold 
were done by the method 
previously described.6 The hemaggluti- 
nation inhibition test was used for in 
fuenza antibodies? against the PRS strain 
of influenza A and the Lee strain of in- 
fluenza B. Tests for complement-fixing 
antibodies for psittacosis and Q fever were 
done by Dr. Herald R. Cox at the Lederle 
Tests for neutralizing anti 


inoculation. 


agglutinins 


Laboratories. 
bodies against the herpes virus isolated 
from patient H.B. were done by adding 
0.2 ml. of serial 10-fold dilutions of virus 
infected mouse brain in 10% rabbit serum 
broth to 0.2 ml. amounts of the patient’: 
undiluted serum. After standing for one 
half hour at room temperature, 0.03 ml 
of these mixtures was inoculated into 2! 
week old mice by the intracerebral route 
The LD.,, of the serum-virus mixtures wa 
thus determined. The neutralizing inde 
for the herpex virus was calculated b 
dividing the LD 
by that obtained when the virus was mix 


of the unknown seru 


with normal rabbit serum or with serum 
of an individual who had no herpetic ant 
bodies. 


*Aided by a Grant from the National Foundation for Infantile Paralyses. 
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are listed as Cases 2, 3 and 4, respectively, in a previous paper.+ 
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Experimental. IJsolation of a Virus 
from Patient H.B. Table 1 presents a 
summary of the isolation studies. No 
evidence of the presence of a virus was 
obtained by the methods used on the 
materials from 4 of the patients. An 
which killed mice following 
intracerebral inoculation was obtained 


agent 


from the lung of patient H.B. Intra- 
nuclear inclusions resembling those 


found in infections with herpes virus 
were seen in the brain cells of mice in- 
oculated with this agent. 

Ide ntification of the Virus. Virus H.B. 
had the properties of 
herpes virus in infection of mice, guinea 
pigs and rabbits, though it was less 
active than most strains in producing 
corneal lesions in the latter animal. 

Further proof of the identity of this 


characteristic 


TABLE 2 


FINLAND: 


Therefore, in its animal pathoge- 
nicity, by the character of the lesions 
that it produced and by its antigenic 
properties, this agent appeared to be a 
strain of herpes virus. After the initial 
isolation, 2 additional aliquots of the 
frozen lung suspension were titrated in 
2'2 week old mice, and the virus was 
found to be present in a titer of 10°. 
This suggests that the virus was present 
in large amounts in this lung. 

Serological Studies. Antibody studies 
op patients H.B., C.L. and C.K. have 
been summarized in the previous re- 
port. Cold agglutinins developed in 
C.K. and H.B. and psittacosis anti- 
bodies in C.K. while C.L. showed 
neither. However, the latter died af- 
ter being sick for only 5 days. The 
results of serological studies on patients 


RESULTS OF SEROLOGICAL Tests IN 2 PATIENTS witH ATYPICAL PNEUMONSA AND 
ERYTHEMA MULTIFORME EXxuDATIVUM# 
Days after Onset Intibody 7 
Respiratory Skin Cold Influenza Oo 
Symptoms Lesions fuolut i B Psittacosi Fer Herpes 
Cs 8 3 < 20 16 4 0 0 2000 
13 s 80 64 8 0 0 
0 15 10 32 4 0 0 2000 
R.1 14 8 1280 128 16 0 0 2500 
21 15 2560 256 $2 0 0 
27 21 0 0 
34 28 10 64 16 2500 


+ The results of tests done on sera from patients, H.B., 
* Expressed as reciprocal 


strain as a herpes virus was readily ob- 
tained by serologic tests. It was neu- 
tralized by 2 antiherpetic rabbit sera but 
not by normal rabbit sera nor by rab- 
bit antisera prepared against the vi- 
ruses of St. Louis or Japanese B en- 
cephalitis, lymphocytic choriomenin- 
gitis or rabies. Virus H.B. was neutral- 
ized by the sera of rabbits and guinea 
pigs which had survived previous cor- 
neal or intracerebral inoculation of 
this agent. Concentrated globulin pre- 
pared from large pools of human sera 
and convalescent sera from patients in 
their initial infection with herpes 
virus also neutralized this virus. 


( 


L. and C.K. have been presented elsewhere.‘ 


Neutralizing index with H.B. virus 


C.S. and R.U. are summarized in Table 
9 


Both of these patients showed ris- 
ing titers of cold agglutinins but 
neither of them showed antibodies for 
psittacosis or Q fever. The significance 
of the slight rise in titer for influenza 
antibodies is not clear, but since it was 
demonstrated for both A and B strains, 
it is probably not specific. Both of 
these patients had high titers of her- 
petic antibodies in their sera but no 
rise in titer was demonstrated. They 
had both been ill for more than a week 
when the first specimen was taken and, 
in addition, C. S. had a previous history 
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of repeated attacks of herpes labialis. 

Discussion. Isolation of a strain of 
herpes virus from the lung of a fatal 
case of atypical pneumonia with ery- 
thema multiforme exudativum is of 
special interest in light of the discus- 
sions of the relationship of herpes virus 
to the latter disease.'’** The question 
of whether this isolation might be due 
to a fortuitous contamination of the 
lung of this patient must be raised since 
this virus is known to have been iso- 
lated from the sputum of a patient with 
atypical pneumonia.” The present find- 
ing is unusual since, to our knowledge. 
the isolation of herpes virus from hu- 
man lung has not previously been re- 
ported. In addition, the peripheral 
lung tissue, even after prolonged stor- 
age and considerable handling, was 
shown to have enough virus to infect 
mice in a dilution of 10°. This repre- 
sents a large amount of virus and there- 
fore it is not likely to be a chance con- 
taminant. Study of sections of this 
lung, however, failed to show any her- 
petic inclusions, but patient H.B. had 
been ill for over 3 weeks so that lesions 
examined were of considerable age. 
On the other hand, herpes virus was 
not isolated from the lung of another 
fatal case or from sputum, throat wash- 
ngs or vesicle fluid of the 3 patients 
who recovered. Similar failures have 


been reported in this clinical syndrome 
by others. 

The techniques utilized here should 
have allowed for the isolation of most 
of the agents of the psittacosis-lympho- 
granuloma venereum group of viruses, 
so that those agents did not appear to 
be present in the lungs of the 2 pa- 
tients tested (H.B., C.L.). However, 
these patients were not the ones who 
showed psittacosis antibodies.‘ These 
isolation experiments, therefore, do 
not rule out the possibility that one of 
these viruses may have played a role 
in other instances of this clinical syn- 
drome. 

In C.S. and R.U. high titers of serum 
neutralizing antibodies for herpes virus 
were demonstrated. The significance 
of this observation is difficult to evalu- 
ate since most adults show such neu- 
tralizing antibodies in their sera with 
some having neutralizing indices as 
high as 1000.° 

Summary. A strain of herpes virus 
has been isolated from the lung of a 
patient who died with atypical pneu- 
monia and erythema multiforme exu- 
dativum. Isolation attempts on the 
lung obtained trom one other fatal case 
and on sputum, throat washings, blood 
and vesicle fluid from 2 additional 
cases gave negative results. The sig- 
nificance of these findings is discussed. 


The authors are indebted to Drs. T. F. McNair Scott and Lewis Coriell of the Children’s 
‘lospital of Philadelphia and to Dr. H. Koprowski, Lederle Laboratories, for certain of the 
erum specimens used, Cases R.U. and C.S, were observed at the Massachusetts General 
Hospital through the courtesy of Drs. G. Fitzhugh and A. V. Bock. The authors also acknowl- 
dge their indebtedness to Dr, Frederic Parker, Jr. of the Mallory Institute of Pathology for 


urying out the histological studies. 
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its various forms, has 
been used in many states for 
centuries. The literature on the applica- 
tions of this element in medicine is, 
therefore, abundant. A complete review 
would be of little value, especially since 
this present ition is concerned primé arily 
with recent publications. Although the 
material used herein is derived largely 
literature of the English 
significant 


\leRCURY, in 
disease 


from the 
speaking countries, 
foreign articles are included. 

The use of mercury as a diuretic is 
of remote date, references to its use 
tor this purpose having been made 
by Paracelsus as early as the six- 
teenth century.®*'41 Crawford and 
McIntosh? referred to a statement in 
1799 by Ferriar that the diuretic 
action of digitalis was increased when 
was added. The texts of the 
early nineteenth century refer to 
the combined use of digitalis and 
mercury.**:37-44.57 Digitalis, squill and 
calomel were included in Guy's Hospi- 
tal pills.°* However, the overenthusi- 
astic use of mercury resulted in 


some 


calomel] 


OH ) 


Tulane University School of Medicine 
at New Orleans 


LOUISIANA 


and Charity Hospital 


undesirable reactions so that it fell into 
disfavor for a time, until Jendrassik™ 
in 1885 renewed interest in the use of 
mercurous chloride in the management 
of cardiac edema. 

The first organic mercurial employed 
to induce diuresis was novasurol (the 
double salt of sodium mercurichlor- 
phenyl-oxvacetate with die thyl barbi- 
turic acid ), introduced originé lly as an 
antisyphilitic agent in 1917.'°%" > Three 
years later Saxl and Heilig'** 
the effectiveness of this compound 
a diuretic. After administration of nova- 
surol, they observed a diuresis when all 
other measures failed. Brunn!® intro- 
duced salyrgan (mersalyl) (sodium [O 

(Hydroxy - mercuric -me thoxy] -propyl 
carbamyl ) phenoxy] aceti ite) in 1924 
Neptal’®® and mercupurin (sodium 
trimethyl - cyclopentane - dicarbonic 
acid - me thoxy - mercury - allylamide 
theophylline ) were subsequenth 
described; (sodium sa! 
of methoxyoximercuripropylsuccinyh 
rea with theophylline ) is the latest of th 
organic mercurial diuretics to appea! 
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CHEMISTRY AND Puysics: Whether 
mercury is administered as an inorganic 
or organic compound, its diuretic effect 
is prob: ibly due to the mercuric ion.!*4 
In the former group of compounds, 
ionozation is greater; in the latter, 
mercury is combined more or less 
firmly into an organic complex so that 
it ionizes only slightly. Differences in 
ionization between the inorganic and 
organic compounds are responsible in 
part for the variations in absorption, 
local effects and toxicity, the latter 
phenomenon being more active with 
greater ionization. 

The local effect of mercury depends 
largely upon the concentration of 
mercuric ions. Proteins in low concen- 
trations are precipitated but may re- 
dissolve in excess of proteins; such a 
state always exists in the body in the 
presence of therapeutic amounts of 
mercury. The chemical environment of 
the body influences greatly the physical 
and chemical reactions of this 
element;'**.'*° for example, the halides, 
amides, alkalis and acids affect the 
phenomena of ionization, deposition, 
and physical diffusion. Details of these 
actions may be found in the paper by 
Taylor and 

The action of any particular com- 
pound of mercury is influenced by its 
solubility. Mercuric chloride is less 
ionized than mercurous chloride,'*° 
although the former is more soluble. 
However, its ability to replace rapidly 
mercuric ions removed from a solution 
of mercuric chloride results in its act- 
ing as a highly ionized compound. 

\lthough the less ionizable com- 
pounds may diffuse through mem- 
branes as whole molecular structures 
rather than as ions,'*® ionic diffusion of 
mercury is more rapid than molecular 
diffusion. Since the manner in which 
mercury is “metabolized” by the body 
is partially dependent upon diffusion 
across the cellular membranes, the rate 
anc degree of ionization determine in 


part the rate with which mercury re- 
acts in the organism. The effect in vitro 
of varying chemical environments on 
diffusion of several inorganic and 
organic compounds of mercury was 
studied by Taylor and Young.'** They 
found that hy drochloric acid, calcium 
chloride and amonium chloride 
increased the rate of diffusion-of the 
mercury of inorganic compounds such 
as mercuric chloride, mercurous chlor- 
ide and mercuric succinamide. An ex- 
cess of hydroxyl ions was without 
appreciable effect on these inorganic 
compounds but increased the rate of 
diffusion of the mercury of organic 
compounds. Thus, organic mercurial 
compounds which exhibit little diffu- 
sion into water may diffuse readily in 
an environment such as that of a-living 
cell. Potassium iodide, on the other 
hand, enhanced diffusion of both in- 
organic and organic compounds, sup- 
posedly because of the formation of a 
potassium mercuritetraiodide, which 
dittuses most readily in distilled water. 
Ammonium chloride greatly augmen- 
ted diffusion of the mercury of salyrgan 
and novasurol. The mercury of organic 
compounds diffuses across semiperme- 
able membranes into blood serum. This 
may be related to the fact that metallic 
mercury and inorganic mercurial salts 
are more soluble in serum than in 
water, a phenomenon of biologic sig- 
nificance. 

Since the introduction of British 
anti-lewisite (2,3-dimercaptopropanol ) 
by Peters and associates,"'* numerous 
publications have indicated the impor- 
tance of the reaction between mercury, 
and other heavy metals, and the thiol 
groups of BAL as well as_ those 
of the other thiol-containing com- 
of reaction is of importance, not only 
in therapy but also for a better appre- 
ciation of the pharmacodynamics of 
mercury. 

One difficulty 


encountered in the 
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study of the metabolism of mercury 
has been the relative insensitivity or 
cumbersome nature of chemical analy- 
Many methods of 
most of 


ses for this element. 
analysis have been described, 
which involve digestion of the organic 
material in the presense of reducing 
agents. This latter procedure entails a 
cases 
% A154 


loss of mercury which in some 


may amount to as much as 75 
Furthermore, y chemical methods 
are not sensitive to small amounts of 
mercury.°°°* With a normal daily diet- 
ary intake of about 20 micrograms of 
mercury and the urinary and _ fecal 
excretion of about 12 micrograms,'** 
chemical determinations become diffi- 
cult. This difficulty is better appreci- 
ated when it is realized that only a small 
amount of mercury is contained in the 
organic compounds used as diuretics. 
The amount of mercury and_ the 
manner in which it is bound in these 
compounds vary slightly. For example, 
mercuzanthin (mercurophylline ) con- 
tains 37 to 42% mercury by weight, 
salyrgan 37 to 42% mercury by weight, 
and mercuhydrin 39 mg. per ce.107 
PHARMACODYNAMICS: (a) Absorp- 
tion. The absorption of mercury may 
occur by many routes: respiratory 
tract, skin, gastrointestinal tract, \ agina, 
rectum, and interstitial tissues. Poison- 
ing by inhalation as well as by vaginal 
and rectal use of mercurial compounds 
has long been recognized.**:'*3 Absorp- 
tion may occur anywhere along 
the gastrointestinal tract. Significant 
amounts of mercury have been found 
in the blood of dogs within 10 minutes 
after the introduction of bichloride of 
mercury into the stomach;'* shorter 
periods of time sufficed when large 
doses were administered. Mercury has 
been recovered in the urine 6 to 12 
hours after ingestion of calomel.8* The 
bichloride of mercury is more rapidly 
absorbed from the intestine. Metallic 
mercury and mercurous chloride may 
be oxidized to the mercuric form before 


many 
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absorption, but it is possible that there 
is molecular transfer of mercurous 
chloride cellular membranes. 
When the organic mercurial diuretics 
are administered by rectal suppository, 
diuresis ensues within 1 to 3 hours.®? 
However, varia- 
tion in the amount of mercury absorbed 
by this route as measured by the 
mercurial content of the wall of the 
colon and of the urine." 


across 


there is considerable 


Mercurial diuretics most com- 
monly administered parenterally. Ab- 
sorption from muscle is more rapid 
than from subcutaneous tissue and i 
poorest from adipose tissue. Sloughs 
mav occur in the latter two tissues as 
a result of local action of mercury. The 
factors governing the rate of absorp 
tion following intramuscular injection 
were investigated by DeGraff and his 
coworkers.*° They demonstrated that 
the organic mercurials which did not 
contain theophylline caused greater 
local reaction than those which did. 
Urinary excretion of mercury, from 
which absorption may be estimated. 
accounts for only part of the injected 
dose. When organic mercurials (mercu- 
purin and salyrgan with and without 
theophylline) were injected intra- 
muscularly and the muscle was re- 
moved at varying intervals of time, it 
was found that absorption was most 
rapid immediately after injection.” 
When theophylline was absent, there 
was 10 to 20% of the injected mercury 
remaining at the site of injection 39 to 
48 hours later, whereas when theophy |- 
line was added in amounts up to 5% ol 
the total organic mercurial diuretic. 
absorption was almost complete by - 
end of one hour. The chemical metho 

used in these studies for the determina- 
tion of mercury had a 10 to 15% error. 
Organic mercurials injected into the 
ascitic fluid have been followed by 
untoward reactions,®*:!°* and this rout 
would therefore seem to offer no adv an- 
tage over intramuscular injection. 
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(b) Distribution. After mercury 
enters the blood stream trom any site 
ot administration, it combines in large 
part with the plasma albumin to form 
an The strong affin- 
ity of albumin for the mercurials 
resides in a single SH group present in 
the albumin molecule.” In spite of this, 
tracer studies of the regression curves 
of mercuhydrin labeled with radio- 
active mercury and administered intra- 
venously show that the mercury leaves 
the blood stream rapidly.'** It is widely 
distributed throughout the body, being 
found in almost every organ, including 
bone.*® It occurs in greatest concentra- 
tion in the kidneys, although the liver 
contains about three times as much, 
by virtue of differences in the size of 
these organs. As previously stated, the 
relatively insensitive chemical analyses 
used for mercury encumber the evalua- 
tion of small amounts found in various 
organs and body fluids. This problem is 
being attacked by the use of radio- 
mercury. Mercury has reportedly been 
found in plasma and in the washings 
from red blood cells, though the valid- 
ity of the results is questionable, since 
in some instances no mercury was 
found in the whole blood.'* Its pres- 
ence in spinal fluid is controversial; 
some investigators were unable to find 
even a trace in the spinal fluid of 
patients treated by inunction or injec- 
tion, or even in patients with fatal 
mercurial poisoning.’®! Ascitic fluid 
and saliva kave been found to contain 
small amounts of mercury,®*15! and 
greater quantities are present in bile.*® 

lissue sections of liver and kidney 
have’ been treated with hydrogen sul- 
fiie to demonstrate the presence of 
mercury. When dogs were given a toxic 
dose of a mercuric chloride and tissue 
sections of the kidneys were treated 
with hydrogen sulfide, black granules 
were seen in the arterioles, capillaries, 
lyniphatic spaces, tubular cells and in 
white blood cells present in the 
kid ‘ey..8 When liver sections were 


treated in this manner, the granules of 
mercuric sulfide were found in the 
lumen of the central veins, in the walls 
of the veins, and in the connective 
tissue of the periportal fields. No gran- 
ules were noted in the parenchymal 
cells, although some were present in 
Kupfter cells and in the epithelia of 
the large bile ducts. 

The form in which mercury is re- 
tained or stored by the tissues is un- 
known. It has been suggested that it is 
stored in combination with protein.*" 
The quantity and type of mercury ad- 
ministered, whether highly or slightly 
ionized, organic or inorganic, and the 
specific chemical environment deter- 
mine the amount stored and the spe- 
cific tissue affinity.1** The storage equi- 
librium is affected by acid and alkaline 
precursors. As is the case with lead, the 
amount stored is increased by a high 
pH.1* 

(c) Excretion. The chemical form in 
which mercury is excreted is unknown. 
In the case of ionizable mercury, such 
as mercuric chloride, the excreted com- 
pound might differ from that resulting 
trom administration of mercuric sali- 
cylate and the poorly ionized organic 
compounds. It has been postulated that 
a mercurial compound may be ab- 
sorbed and excreted as such,** but this 
has not been definitely established. 

There are several avenues of excre- 
tion of mercury, the most important of 
which is by way of the urine. Excretion 
in the feces occurs by way of the bile 
and the intestinal mucosal and salivary 
glands. Bile contains a higher concen- 
tration of mercury than does the 
blood.'** Mercury is present in milk 
and sweat, but in inconsiderably small 
amounts. 

The excretion pattern of mercury 
administered over a long period of 
time by inunction or injection to the 
point of “saturation” will differ from 
that following administration of a 
single dose for its diuretic effect. When 
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the body is “saturated”, the concentra- 
tion of mercury in the urine approxi- 
mately equals that in the blood.!** 
However, it is the concentration of the 
circulating mercury which determines 
the rate of excretion, especially in the 
urine.’°° During therapeutic adminis- 
tration by inunction, the blood level 
obtained is usually 1 to 2 and not over 
3 mg. per liter, whereas the biliary 
concentration is higher but variable. 
Excretion studies of mercury following 
prolonged periods of administration 
were reported in detail by Lomholt.*° 
With prolonged administration of 
mercury by inunction or injection, ex- 
cretion may continue for 6 months 
after cessation of treatment, indicating 
that mercury has been accumulated 
and stored in the body.*®:!**:185 On the 
other hand, after a single intravenous 
injection, as in diuretic therapy, ex- 
cretion has been reported to be com- 
plete in 48 to 72 hours, 75% or more of 
the injected mercury being recovered 
in the urine and feces within this 
period.’** Kwit and associates*’ and 
Gold®' reported that the mercury of 
organic mercurial diuretics is com- 
pletely eliminated in 24 hours or less if 
satisfactory diuresis is maintained. 
Modell® pointed out that this might 
not be true in the presence of oliguria. 
It is exceedingly difficult to recover 
100% of the injected dose of mercury 
by chemical methods. In fact, the per- 
centage excreted after a single injec- 
tion has not been definitely established. 

The time required for excretion 
varies with the type of compound 
administered and the route of admini- 
stration.’*° A more rapid rate of excre- 
tion follows intravenous than _intra- 
muscular injection. The poorly ionized 
organic compounds eliminated 
more slowly than the more highly 
ionized inorganic ones with both of 
these routes of administration. The 
tendency to retain mercury in the body 
is least following intravenous injection 


and greatest following intramuscula 
injection of a suspension of metallic 
mercury in oil.*® The rate of elimina- 
tion of most mercurial preparations is 
greatest immediately after aceninistra- 
tion.2” DeGraff and his associates* 
found that theophylline increase od ex- 
cretion by 30 to 40% after intramuscu- 
lar and intravenous injection. Since 
various chemical environments influ- 
ence ionization, storage equilibrium 
and physical diffusion of mercury, it is 
to be expected that elimination of 
mercury by all pathways will vary 
considerably from one individual to 
another and with time in the same indi- 
vidual.'*° 

(d) Active Principle. The mercuric 
ion exerts many effects on the body, 
but that which primarily concerns us 
for the moment is its diuretic effect on 
the kidney. This action of ionizable 
torms of mercury has been shown to be 
great. Organic and inorganic mercu- 
rials and colloidal mercury act simi- 
larly.134:135 The diuretic effect of 
organic mercurials has been attributed 
to the mercury released from these 
compounds. On the basis of the amount 
of parenterally administered mercury, 
the ionizable inorganic compounds ar« 
superior.'** Me Iville and Stehle!® con- 
cluded that the action of mercuric 
chloride was identical with that ol 
novasurol except for the duration of 
the latent period before the onset of 
diuresis. Since the diuretic effect 
depends upon the availability of free 
mercury, the tissues and body fluids 
apparently release mercury from local 
organic combination during this latent 

(e) Site of Action. The precise mech- 
anism by which mercurial diuresis is 
effected is unknown. The existence of 
some extrarenal effect in the response 
has neither been established nor ex- 
cluded. Saxl and Heilig!*®17° were of 
the opinion that some extrarenal ac- 
tions were involved on the basis ot 
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retractometer and chemical studies on 
the blood immediately following injec- 
tion of a mercurial. Others demon- 
strated hemodilution in the first few 
DeVries** observed that 
mercurial diuresis in the presence of 
edema was not accompanied by 
changes in protein and hemogoblin 
concentration, whereas these values 
increased in the absence of edema 
Schmitz,!** on the other hand, found 
no indication of hemodilution nor any 
evidence that diuresis was preceded by 
mobilization of fluids from _ tissue 
spaces. Furthermore, the administra- 
tion of sodium chloride resulted in a 
decrease in the refractive index with- 
out an associated increase in diuresis 
or in the rate of glomerular ‘iltration.’** 
These observations were interpreted to 
indicate renal action of the mercurials. 
Bryan and his associates’? found no 
consistent change in specific gravity or 
colloidal osmotic pressure immediately 
after the injection of mercury, but 
during diuresis there was hemoconcen- 
tration. 

The work of Bartram? and _ of 
Christian and Bartram*® seems to 
establish that the major, if not the sole, 
action of mercury is limited to the kid- 
ney. By injecting small amounts of 
novasurol and salyrgan into one renal 
artery, they produced typical diuresis 
from the injected kidney, whereas the 
urine of the other kidney remained 
unchanged as to rate of excretion 
ind character. The urine from the 
injected kidney was pale, of low speci- 
lie gravity, and contained albumin. 
When the amount of mercury injec- 
‘ed was increased, bilateral diuresis 
curred, but its onset was earlier on 
he injected side. With injection of 
xtremely large amounts, there was a 
xic reduction in rate of urinary flow 
om the injected side and _ typical 
iercurial diuresis from the opposite 
dney. 

Govaerts®* injected an animal with 


mercurial diuretic and at the height 
of diuresis transplanted one of _ its 
kidneys into the neck of an untreated 
animal. The transplanted kidney con- 
tinued to form pale urine of low spe- 
cific gravity as it had done in the 
injected animal. This experiment indi- 
cates that it is possible tor the diuretic 
action of mercury to be produced by 
renal action alone but does not exclude 
contributing systemic factors. How- 
ever, the observation by Keith** that 
mercury will not cause diuresis in the 
presence of low plasma chlorides makes 
it difficult to exclude extrarenal effects 
completely. In addition, observations 
have been made in man, by biologic 
titration, on the inhibitory effects of 
pitressin and of desoxycorticosterone 
acetate on mercurial diuretics. Reac- 
tions such as these may influence mer- 
curial diuresis. 

(f) Mode of Action. The precise 
mechanism by which mercury acts 
upon the kidney is unknown. Various 
inv estigators® $8,72.128.148 have shown 
that there is no increase in glomerular 
filtration but that diuresis is due to 
decreased rate of tubular reabsorption. 
Mercury does not alter the ability of 
the kidney to secrete urea.'!” 
Richards,!”° working with frog kidney, 
tound that mercuric chloride “abolished 
the power of active reabsorption and 
power of selective retention of diffus- 
able substances by the renal tubule.” 

As indicated previously, the specific 
action of mercury on the tubule is un- 
known. Mercury is a protoplasmic 
poison, and its diuretic effect has been 
considered by some to indicate a mild 
toxic action on the renal tubular 
It is possible that mercury 
interteres with certain enzymatic SYS- 
tems within them. Mercuric chloride 
prevents glycolysis in frog muscle ex- 
tract,” but when monothiols, such as 
cysteine and glutathione, were added. 
glycolysis was reinitiated. Mercury has 
been shown to prevent the rat kidneys 
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from acting as a source of blood sugar. 
whereas ureteral ligation and_phlori- 
dzinization did not prevent gluconeo- 
genesis in the kidney.''® 

Gilman and his coworkers®® studied 
the effects of BAL, BAL glucoside and 
thiosorbital on acute mercurial poison- 
ing. They were able to protect the 
animals from a uniformly fatal dose of 
mercuric chloride with all three thiols. 
Since early treatment completely pro- 
tected the animals, the authors con- 
cluded that the mercaptides formed in 
vivo are sufficiently non-dissociated to 
prevent combination of the mercuric 
ions with cellular enzymes. It was also 
found that mercury could be removed 
trom intracellular combination by 
delayed administration of thiols. This 
is in agreement with the experience of 
Longeope and Luetscher®* and _ of 
Ginzler.®® The mercury-BAL complexes 
are in themselves toxic.5*“* With BAL 
it is possible to prevent or arrest 
mercurial diuresis 
this is also true for chloruresis. Another 
injection of a mercurial will reinitiate 
diuresis, which may again be counter- 
acted by BAL." 

Immediate reduction in the volume 
of the kidney, with concomitant reduc- 
tion in renal blood flow, has been 
recorded after an intravenous injection 
of a mercurial diuretic.?*:4°:7® This lasts 
5 to 10 minutes and is accompanied by 
decreased urinary output. BAL, cys- 
teine and glutathione prevented any 
diminution in the volume of the kidney. 
The monothiols did not reduce diuresis 


in these studies, whereas BAL com- 
pletely inhibited it. 
PHYSIOLOGIC RESPONSE: Diuresis 


resulting from administration of mer- 
cury causes certain chemical and 
physical changes in the blood. There is 
a reduction in blood chlorides.?°:29:8:108 
Hemodilution and hemoconcentration 
are inconstant 
The total serum base is_ lowered, 
although this value may return to 


normal 24 hours later.®* Blood urea is 
not significantly altered." 

Changes in urine are much more 
pronounced. All investigators agree that 
the urinary excretion of chloride is 
greatly increased.® 29,42,77,81,82,108,122,126 
If the amount of mercury administered 
is excessive, excretion of chloride will 
diminish,'** but such a dosage scheme 
is out of the range generally “employed 
ther rapeutically in man. Blumgart and 
his associates® observed an increase in 
the excretion of chlorides, sodium, po- 
tassium and calcium in comparatively 
constant rélationships. Others have re- 
porte -d greater excretion of sodium es- 
pecially when sodium inti ike was un- 
restricted. Ty normal indi- 
viduals, the output of chloride, sodium, 
potassium and calcium we below the 
normal or control level, a compensa- 
tory positive balance, for 9 to 3 days 
after diuresis. Inorganic sulfates and 
phosphates are not particularly affect- 
ed by mercurial diuresis.” Such changes 
as May occur in the prote in content of 
the urine are difficult to evaluate, since 
the methods of analysis usually em- 
ployed were not sufficiently sensitive. 

The specific gravity of the urine is 
lowered during me ‘rcurial diuresis. This 
is to be expected, since tubular reab- 
sorption of the glomerular filtrate is 
decreased. The volume of urine and its 
specific gravity vary widely with dif- 
ferent preparations ‘of mercury, routes 
of administration, and degrees of hy- 
dration and edema. Various maximum 
values were reported, ranging from | 
or 2 liters to as much as 14 liters fol- 
lowing administration of a_ single 
dose.!°5 The duration of diuresis varies 
trom 8 to 48 hours, but it usually lasts 
less than 24. 

Toxiciry: The mercuric ion exert: 
widespread toxic effects. Lesions whic 
have received greatest attention ar 
those in the kidney, colon and liver 

lhe findings in mercurial poisoning it 
man and other mammals are identica 
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The basic renal lesion is represented by 
degenerative and necrotic changes 
in the tubular 
#6,102,127,.189 Calcium may be deposited 
in necrotic tubular cells within a week 
after poisoning. Renal changes may ap- 
pear within a few minutes after intra- 
venous injection.’°’ Glomerular changes 
have also been described.** Histologic 
studies of the human kidney following 
intravenous administration of mercury 
disclosed changes resembling mild mer- 
curial After death 
trom another cause sections of the kid- 
ney in a subject poisoned with salyrgan 
revealed complete recovery from the 
renal injury.** Roby and Pfeiffer!?* 
demonstrated that renal injury usually 
results when the blood level of mer- 
cury exceds certain levels, which vary 
with the mercurial compounds. It is 
well to note that injury limits the aul 
ity of the kidney to excrete mercury.® 
Casts and cell counts have been fod 
to be elevated in the urine of rats fol- 
lowing administration of a dose of .0008 
gm. of mercury per kilogram of body 
weight, the usual clinical dose for 
man.!° Because of relatively few studies 
of this kind in man, conclusions con- 
cerning human toxicity are extremely 
limited. 

Histologic examinations of the liver 
following mercurial intoxication re- 
vealed degenerative changes and con- 
gestion of the blood vessels and sinu- 
soids. Hemosiderin may be deposited 
in the parenchyma. 

Mercury has serious effects on the 
ardiovascular system. Reference has 
been made to the vasoconstriction oc- 
urring immediately after the intra- 
enous injection of mercury.**:#°.*® Sal- 
nt!24 found that small amounts of mer- 
ury, 1 part in 100,000 Ringer's solu- 
m, produced heart block and delirium 
dis in the turtle. These disturbances 
metimes followed concentrations as 
w as | part in 10,000,000. Cardiac 
standstill of 1 to 3 minutes duration 


and extreme reduction in blood pres- 
sure were observed in dogs when mer- 
curic succinate, benzoate or acetate 
were employed. Johnston** studied the 
effects of salyrgan and me reupurin as 
well as mercurous and mercuric chlor- 
ide on the turtle heart. He found that the 
organic mercurials were just as toxic 
as the inorganic ones when their mer- 
curial content was compared; purine 
derivatives decreased this toxicity. Sod- 
ium thiosulfate restored the cardiac 
mechanisms to normal. By using mag- 
nesium sulfate in conjunction with the 
mercurial, Pines and his coworkers''* 
were able to reduce the incidence of 
ventricular fibrillation in dogs caused 
by esidrone (the sodium salt of pvyri- 
denedicarboxyl - g - mercuri- q -hydroxy- 
propylamide- -theophylline ). It did not 
protect against disturbances in conduc- 
tion, however. A number of electrocar- 
diographic studies have revealed mech- 
anismal disturbances and various de- 
grees of atrioventricular and intraven- 
tricular Premature beats 
were relatively common. Long and 

Farah®!®2 and Farah and Mare in- 
vestigated the ability of the dithiols and 
monothiols to prevent cardiovascular 
reactions to mercury. Cardiac failure 
produced by salyrgan in a heart-lung 
preparation was reversed by the thiols. 
The 50% lethal dose for mice was in- 
creased from 103 mg. to 176 mg. of sal- 
yrgan per kg. of body weight by the 
thiols. The vasoconstriction which im- 
mediately follows an intravenous injec- 
tion was abolished by these antagonistic 
drugs. 

The immediate fatalities which oc- 
cur after intravenous injection of or- 
ganic mercurial diuretics result from 
the toxic action of mercury on the 
heart. The literature on _ this subject 
was recently reviewed by Kaufman,” 
who reported a fatality and reviewed 
31 others. Another case has since been 
reported'"' and there are undoubtedly 
many others. Certain factors are im- 
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pressive in these fatal cases. First, the 
dosage given to the children was large. 
Second, a large percentage of the fa- 
talities occurred in patients with ne- 
cage and nephritis. Third, in some 

‘ases there were premonitory signs of 
toxic reaction; in some, death followed 
the first injection; and in others the 
mercurial had been well tolerated for 
long periods of time before the fatal 
Fourth, the time 
from injection to death is very short, 
usually 2 to 3 minutes and not more 
than 5. Undue apprehension, dyspnea, 
substernal discomfort, sweating, pal- 
lor, and changes in pulse should be con- 
sidered as warning signs.'*? A number 
of alarming nonfatal reactions have 
been observed.!*°:'44 Certain general- 
ized syste mic reactions to me rcury may 
occur somewhat later: chills, fever, 
asthma, and cutaneous manifestations 
of hypersensitivity to 
Another delayed reaction is overdehy- 
dration with excessive loss of electro- 
lvtes and fluid. The syndrome of weak- 
ness, restlessness, apathy, mental con- 
fusion and possibly coma _ resulting 
from overdehydration and electrolyte 
imbalance has been emphasized by Poll 
and Stern''®"!* and by othe rs.32,85 Ad- 
ministration of fluid and electrolytes, 
particularly sodium, will correct. the 
underlying fault. Tetany following ad- 
ministration of mercurials has also been 
reported.** 

Prevention of toxic reactions is dif- 
ficult and in certain cases probably 
impossible. If patient manifests re- 
actions to intravenous injection of di- 
uretics, this route of administration 
should be discontinued. Many reac- 
tions can be averted by the use of the 
intramuscular route, for which there 
are no reported — aths and only one 
serious reaction.** The spe =with 
which an cer is given is also im- 
portant, as is the total amount admin- 
istered. 

The question of chronic damage of 


reaction occurred. 


the renal tubules from repeated use 
of mercurial diuretics often arises. 
However, there are numerous reports 
of patients who have received extreme- 
ly large quantities of organic mercur- 
ials over long periods of time without 
any evidence of renal injury by histo- 
logic examination or by renal function 
tests, Maxwell and 
his associates*” 
any histologic differences between the 
kidne ‘ys of patients with congestive 
heart failure treated with mercurials 
and those who had received no mer- 
curial diuretics. 

CuINICAL APPLICATIONS: The essen- 
tial indication for the use of mercurial 
diuretics is the need to reduce the ex- 
tracellular fluid compartment, espe- 
cially in congestive heart failure. It is 
not necessary in this review to discuss 
the mechanism of retention of elec- 
trolytes and water i. edematous states. 
Regardless of the precise mechanism, 
there is retention of sodium and, there- 
fore, water. Mercurial diuretics increase 
the rate of excretion of water and so- 
dium.®1:68.81.82,108,118 142 When symp- 
toms result from an increase in extra- 
cellular fluid, a mercurial diuretic is 
indicated to remove this fluid and to 
prevent its recurrence, unless circum- 
stances preclude its use. 

Since novasurol was introduced in 
1920,!25 mercurial diuretics have been 
employed with varying popularity in 
the management of congestive heart 
tailure, but more recently they have 
received much greater attention. The 
more vigorous attack by these agents 
is the result of the efforts of a large 
number of clinical investigators, chiefly, 

Gold and his associates."°*! The meth 
od of trial and error must be used i 
order to establish a maintenance dos« 
for each individual. Initially, when th 
patient is in severe congestive failure 
mercurials may be used more fre 
auent; that is, daily or every othe 
day, until sufficient dehydration has 


were unable to detect 
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been achieved and body weight has 
been stabilized. The dosage necessary 
for this may vary from 0.5 cc. weekly 
to 2 ce. daily of mercuhydrin, mercu- 
purin or salyrgan with theophylline. 
Dosage levels of 2 cc. daily may be far 
too great for most pany We ight loss 
should not exceed 2 to 3 pounds daily. 
Too rapid reduction in weight by over- 
enthusiastic treatment may cause over- 
dehydration and electrolyte imbalance 
of serious nature. The stabilized weight 
level has been defined as the “dry 
weight” for that particular individual,"° 
the size and frequency ot subsequent 
doses varying to maintain this weight. 
It is prete rable, there fore, to administer 
the smallest dose which will produce 
the desired amount of diuresis than to 
employ the same dose, 2 cc., empiri- 
cally for every patient. The less used, 
the less is the likelihood of toxic reac- 
tion. Modell!®* found that 2 small doses 
administered weekly often effect a 
greater loss in weight per volume of 
diuretic than the same amount of ma- 
terial given once weekly. The former 
method is more desirable, since a sta- 
tionary level is more nearly maintained 
and unfavorable reactions are less 
probable. It is wiser to prevent reaccu- 
mulation of fluid than to permit large 
volumes of fluid to collect and symp- 
toms to return. Paroxysmal nocturnal 
dyspnea may be prevented by. the use 
of mercurial diuretics, but mercurials 
alone are rarely indicated for this.1** 
Except in early and mild failure, the 
management of chronic congestive 
heart failure should include mercurial 
liuretics in addition to digitalis. If the 
ise of diuretics is reserved solely for the 
nore severely ill patients who do not 
espond si atisfact torily to digitalis alone, 
he time required for the less serious 
atients with cardiac failure to achieve 
state of compensation or maximum 
nprovement is lengthened. Mild and 
moderate degrees of congestive heart 


trilure may be managed by the use of 


mercurial diuretics alone, but in the ab- 
sence of digitalis the maintenance dose 
of the mercurial is higher. It has been 
adequately demonstrated that digitalis 
increases the cardiac output and there- 
tore the renal blood flow. It is likely 
that the mercurial diuretics will effect 
greater diuresis when the renal blood 
How is more nearly normal. It is im- 
portant to realize that mercurial diuret- 
ics constitute only one aspect of the 
relatively complex system and the 
many factors concerned with the man- 
agement of congestive heart failure. A 
detailed discussion of the management 
of heart failure will not be presented 
here. 

The intravenous and intramuscular 
routes of administration are equally ef- 
tective except in extreme circulatory 
collapse, when the latter is less certain. 
However, since the intramuscular route 
is not attended by the danger of im- 
mediate reactions, it is preferable. The 
injectable preparations, salyrgan with 
theophylline, mercuzanthin and mercu- 
hydrin, may be given either intraven- 
ously or intramuscularly. In the pres- 
ence of theophylline the reaction at 
the site of intramuscular injection is 
reduced and the rate of absorption is 
increased,*” but still some unpleasant 
local reactions may occur. Mercuhy- 
drin appears to cause less local tissue 
reaction and less pain at the site of the 
injection. 

The effectiveness of mercurial diu- 
retics administered orally has been in- 
vestigated by Batterman and his asso- 
ciates**° and by Borg.'! The tablets 
were given in a large single dose as 
well as in multiple small doses; the lat- 
ter was more efficient in causing diure- 
sis. A loss of over 3 pounds in weight 
occurred in 60 to 70% of the trials. 
This method of administration is not 
as effective or dependable, however, as 
the parenteral route. Large oral doses 
are sometimes required to induce di- 
uresis. Nausea, vomiting, and diarrhea 
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occur trequently. Lt it is well tolerated 
and if the response is good, oral ad- 
ministration offers certain advantages 
in the ambulatory patient. 

Administration of mercurials by rec- 
tal suppository has been investigat- 
Tt has produced diure- 
sis in 50 to 70% of trials. However, the 
incidence of rectal irritation by suppos- 
itories containing mercurials is too high 
to justify advocation of this route. 

Numerous studies have been carried 
out on the relative efficacy of the vari- 
ous mercurial preparations available 
tor clinical Those 
containing theophylline proved more 
effective than the theophylline-free di- 
uretics. There appear to be no signifi- 
cant differences in the diuresis result- 
ing trom the various commercial 
preparations, all of which contain 
theophylline. 

The influence of ammonium chloride 
and other acid-producing salts on the 
eftect of mercurial diuretics has been 
reported by numerous investigators.7;**: 
There is 
general agreement that the diuretic ef- 
tect of the mercurials, whether admin- 
istered orally, rectally or parenterally, 
is enhanced to varying degrees by pre- 
medication with ammonium chloride 
and other acid-salts. Since ammonium 
chloride must be used in large doses 
to be effective, gastrointestinal symp- 
toms are frequently encountered. The 
magnitude of the increase in diuresis 
does not usually justify the precipita- 
tion of nausea, vomiting and abdomi- 
nal pain in an already seriously ill pa- 
tient. There appears to be no need for 
the acid-producing salts in the usual 
instance, the mercurials alone being 
adequate. In certain selected cases 
where potentiation of diuresis is essen- 
tial, ammonium chloride may be tried. 
It is well known that ammonium chlor- 
ide alone is a mild diuretic. 

Gratifying results have been achieved 
in congestive heart failure with the use 


of mercurial diuretics. The symptoms 
caused by an increase in the volume 
of extracellular fluid are relieved. Pa- 
roxysmal nocturnal dyspnea may be 
prevented by maintenance doses. The 
life expectancy in many patients with 
congestive heart failure is conside rably 
lengthene .d, and the duration of indi- 
vidual episodes of decompensation is 
shortened. Ascites may be controlled, 
so that abdominal paracenteses are 
rarely necessary. The edema of the 
ne phrotic syndrome likewise may be 
controlled. However, renal function 
must be carefully observed when mer- 
curials are employed to combat renal 
edema. Edema as a result of thrombo- 
phlebitis and lymphatic disease may 
diminish after administration of mer- 
curials. Inflammatory edema and asci- 
tes associated with abdominal malig- 
nancy re spond poorly if at all. Although 
ascites associated with hepatic cirrhosis 
frequently responds well, this treat- 
ment should be employed cautiously in 
this state. 

CONTRAINDICATIONS: There are cer- 
tain contraindications to the use of 
mercurials, for example, the presence of 
acute glomerulonephritis. The presence 
of renal disease with insufficiency pro- 
hibits the use of mercurials, since the 
excretion of the injected mercury is de- 
layed and accumulation is possible. 
Nevertheless, an elevation of the urea 
nitrogen may re ‘sult from congestive 
heart failure without primary renal di- 
sease.!°2 Obviously, the presence of 
moderate elevation of blood urea nitro- 
gen with albuminuria is not necessarily 
a contraindication. If, however, the 
blood urea nitrogen is over 60 mg. pe! 
100 cc., mercurials should not be used 

Known idiosyncrasy of the patient t: 
mercurials contraindicates their  us« 
Severe reactions to intravenous injec 
tions preclude further use of this rout 
of administration and only small dos« 
should be given by any other rout: 
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Other contraindications include inade- 
quate response to injections of the mer- 
curial diuretics, or oliguria, hematuria, 
severe albuminuria in patients previ- 
ously normal urine, overdehydration 
and depletion of electrolytes, at least 


ed when mobilization of large amounts 
of fluid of edema has resulted in evi- 
dence of digitalis intoxication. Follow- 
ing some ot the less severe reactions, 
use of mercurial diuretics may be re- 
sumed in smaller amounts and at longer 


until these states have been corrected. intervals of time. but careful observa- 
Further diuresis should not be attempt- tion of the patient is imperative. 
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RELIGION AND PSYCHIATRY 


By Frank R. Drake, M.D. 
DENVER, COLORADO 


For many centuries religion and 
medicine were so closely related that 
temples were not only religious altars 
but also healing shrines.** The religious 
mentor was also the physician.**4 
However, with the development of 
science, medicine and religion assumed 
distinctive roles in society.**'4° Reli- 
gion must concern itself primarily with 
the goals and values of life, whereas 
science concerns itself primarily with 
the facts and means of life.28 The sick 
room is rightfully considered the do- 
main of both physician and minister, 
as each is equally interested in the wel- 
fare of the individual. Psychiatry is a 
branch of medicine and is not a phi- 
losophy of life.2* The goals of religion 
ind psychiatry are very similar in many 
ireas.°*4 Both recognize the family as 
1 powerful influence on a child’s de- 
velopment and ultimate social adjust- 
nent.2 Both share the common aim of 
iuman betterment.*! Both rejoice when 
he individual adopts a healthy and 
appy philosophy of life and is able to 
e tolerant of the shortcomings of 
thers,20.27 
Religion is, without a doubt. one of 
ie chief supports in the emotional 
ijustment of the vast majority of peo- 
e. It is a source of comfort, reassur- 
ice and hope.*? From the scientific 
indpoint alone, a healthy accept- 


ance of religion is a major factor of 
good mental hygiene. During World 
War II, psychiatrists and chaplains, as 
staff officers, often found themselves 
working on similar problems, especially 
those relating to morale, combat ef- 
ficiency of troops, and so on. It was 
found, for example, that a firm abiding 
faith in God was a strong bulwark 
against the development of severe in- 
capacitating combat-induced anxiety in 
many men.'**? It was a common phe- 
nomenon in amphibious combat units 
for attendance at religious services to 
increase markedly as the fateful 
Day” approached. 

The past few years have seen an in- 
creasing interest in and utilization of 
the principles of dynamic psychology 
by clergymen. Rabbi Joshua L. Lieb- 
man,”? in his excellent book, “Peace of 
Mind,” states that “Psychology must 
not be viewed as a competitor of reli- 
gion, any more than the science of op- 
tics should be re garded as a competitor 
of normal vision. The fact that the 
sanctuary has its unique contribution to 
make to the world does not mean that 
it should refuse the helpful hand of a 
great ally—the psychological clinic.” 
John S. Bonnell,* in his recent book, 
“Psychology for Pastor and People,” 
states that “It will be of inestimable 
gain to the Christian Church when 
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highly-trained pastors are available i 
all parts of the nation: men who tis 
not only a thorough grounding in psy- 
chology and in the basic principles of 
psychiatry but in addition a clinical or 
hospital training.” Many theological 
schools do arrange for “internships” for 
their students in psychiatric hospitals.** 
The Federal Council of Churches of 
Christ in America has taken active lead- 
ership in presenting mental hygiene to 
clergymen special conferences.’ 
Ministers who have had the opportu- 
nity of working with psychiatrists have 
given abundant written testimony of 
their experiences. For example, one 
clergyman® asserts that “The harmoni- 
ous interrelationships of ministers and 
medical men can best be achieved when 
both realize that, while each has a dis- 
tinct function to fulfill, their ministra- 
tions overlap, and the effectiveness of 
each is enhanced by working in har- 
mony with the other.”?° Carvel A. 
Wise** says that it is “unfortunate for 
all concerned—for clergymen to step 
outside their distinctive role and to 
assume the role of psychiatrist.” Life is 
too short and the problems of religion 
and psychiatry are too large for anyone 
to become sufficiently expe rt in both 
fields to handle the entire problem.' 
Many other cle rgymen of wide experi- 
ence have likewise appealed for con- 
tinued and even increased coordination 
with the science of psychiatry, for the 
benefit of 
Psychiatrists, in their turn, have be- 
come increasingly cognizant of the 
personality capabilities of 
religion.'*.?2.25.26.32, Tt is just as impor- 
tant for the psychiatrist to be religiously 
oriented as it is for the clergyman to 
be psychologically oriented. Of more 
than historical significance was the 
unanimously approved statement of 100 
members of the Group for the Ad- 
vancement of Psvchiatry at 
lis on July 2, 1947.32 The statement, 
part, was that “The methods of psy chi. 


atry aim to help patients achieve health 
in their emotional lives so that they 
may live in harmony with society and 
with its standards. We believe that 
there is no conflict between psychiatry 
and religion. In the practice of his pro- 
fession, the competent psychiatrist will 
therefore always be guided by this be- 
lief.” There is nothing in the known 
structure of the psychic apparatus that 
a true believer and religious thinker 
cannot accept.*® Religion cannot be 
measured by weighing its psychological 
compone nts. Religion hi is a universality 
that attests its essentiality to human 
welfare.*® There is a general personal 
psychological need for an object greater 
than self to which to give homage or to 
acknowledge superiority or indebted- 
ness. In proportion to the degree to 
which psychiatry promotes harmonious 
adjustment to the social environment, 
it may be regarded as supplementing 
the spiritual values of life. 

F. G. Ebaugh,’” in his teaching of 
medical students staff physicians, 
has always emphasized the importé ance 
of proper religious training in the de- 
velopment of stable and well-integrated 
personalities. To further the coopera- 
tion and freedom from prejudice of re- 
ligion and psychiatry, he has included 
in his training program for psychiatric 
resident physicians a series of lectures 
by outstanding religious leaders of all 
denominations. C ‘lergymen of all faiths 
and creeds have always felt free to in- 
quire into the me sdical condition of 
members of their. congregations who 
were receiving treatment at the Colo- 
rado Psychopi ithic Hospital. This “rub- 
bing elbows” at the patient level is 
conducive to mutual understanding 
among ministers and psychiatrists 
Likewise, practically all standardized 
theological schools offer one or more 
courses pertaining to the psycholog: 
of religion.® 

This paper discusses only those pa 
tients who are ill enough to be hos 
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pitalized, and leaves untouched, tor the 
most part, that much larger group o1 
out-patients who are only partially 
mc apacitated by neuroses and other 
maladjustments. ‘The following case 
histories of patients admitted to Colo- 
rado Psychopathic Hospital are pre- 
sented only in sufficient detail to 
demonstrate the value of and the ne- 
cessity for cooperation between religion 
and psychiatry: 

Clinical Notes: Case 1. R. H. W., a 17 year 
old white boy, was admitted to the hospital 
on July 17, 1948, because ot repeated suicidal 
gestures over a 5 month period. The history 
revealed that he had been almost totally deat 
since the age of 3 and had suffered from 
deep feelings of inadequacy and frustration 
because of this handicap. He had spent a 
great deal of time day-dreaming of becoming 
a famous singer and pianist. He expressed 
extreme hostility and resentment toward his 
father for “always trying to keep me down, 
beating me with a hair brush and wishing 
that I were dead. He bought me bicycles and 
things, but he never really loved me.” He 
had told his family that he would kill himselt 
if they did not furnish him with the financial 
means for a college education as well as for 
vocal and piano lessons. His family could not 
afford this expense. His father had apparent- 
ly always interpreted his son’s slightest mis- 
behavior as a serious threat against paternal 
authority, meriting immediate and_ severe 
punishment. (If a child feels that he is ac- 
cepted by his parents, he can usually adjust 
to life in spite of physical handicaps. ) 

Early in his treatment it was discovered 
that he had been an active and accepted 
member of a local church and had enjoyed 
almost a father-son relationship with the 
minister for many months. His minister was 
contacted, appraised of the boy’s condition 
and emotional needs, and invited to visit the 
patient at frequent intervals. The minister 
adopted a non-punitive and permissive atti- 
tude with the patient and continued his pre- 
vious role of the “kindly father figure.” This 
attitude was a very valuable part of the “total 
push therapy” and helped the patient to 
plan for and accept a future consistent with 
his handicaps and resources. 

Case 2. A. M., a 41 year old white manied 
voman, was admitted to the hospital on 
September 13, 1948, because of “alcoholism” 
£ short duration. She immediately. volun- 
eered the information that she and her hus- 
sand had had a serious quarrel and that she 


desired to leave the hospital as soon as she 
was deemed to be in proper physical condition 
“so that I can talk things over with the 
priest. Within a few days, she was discharged 
irom the hospital. Since that time she 
has been able to adjust to the realities of 
living, without further resort to alcohol. 

This is an example of an acute emo- 
tional crisis in a fairly stable individual. 
Such cases often re spond successfully 
to the psychiatric first aid administered 
by psychologically-oriented clergy- 
man.!* 

Case 3. M.M., a 48 year old white married 
woman, was admitted to the hospital on Oc- 
tober 10, 1947, because of bizarre activity and 
unprovoked “laughing spells” of several days’ 
duration. The patient could contribute no in- 
formation as to the length of her illness be- 
cause of the nature of her psychosis. Her 
family, likewise, were of no help in this re- 
spect. Her minister said that 6 months pre- 
viously she had suddenly changed from an 
individual who attended church services _ir- 
regularly to one who spent most of her time 
in ardent religious activities, for no apparent 
reason. This information was an aid in the 
proper evaluation of the patient. 

It is well-recognized that sudden ex- 
cessive interest in religion may be a 
sign of beginning schizophrenia. This 
is of course not meant as a reflection 
on normal religious zeal. 

Case 4. M.A., a 43 year old white divorcee, 
was brought into the hospital by her minister 
on June 21, 1948. The minister said, “For 
the last few days she has been telling me 
that she is the meanest person who ever 
lived. Today she threatened to kill herself. So 
I brought her in.” 

The patient was suffering from a severe 
psychotic depression, which was based on the 
introiection of an almost unbelievable 
amount of hostility and resentment. Many 
weeks of electroshock therapy and psycho- 
therapy were required before she was well 
enough to return to society. 

Case 5. R. O., a 34 year old white married 
woman, was admitted to the hospital on De- 
cember 11, 1947, because of extreme “nerv- 
ousness,” depression, fear of insanity and fear 
that she was dying. She showed the physical 
findings of severe acute anxiety, namely, la- 
bored breathing, profuse perspiration, fre- 
quency of urination, dilated pupils, a very 
rapid pulse (158 per minute), and general- 
ized tremors. Her condition was due to a 
combination of factors which included guilt 
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teelings over an attempted self-induced abor- 
tion, and deep-seated anger and resentment 
against her husband for having impregnated 
her. 


This case is cited merely as an ex- 
ample of the type of patient who prob- 
ably should not even be visited by a 
clergyman until she has “cooled off” 
somewhat. For, regardless of the tech- 
nique that he uses, he symbolizes the 
ideals and conscience of hum: anity. The 
end result might be a suicidal attempt 
by the patient or other marked aggra- 
vation of symptomatology. 


Case 6. V. C., 


40 year old single white 


man, was admitted to the hospital for ob- 
servation on October 3, 1947. Several days 
prior to admission he was arrested by the 


local police for handling a small boy’s geni- 
talia. He had engaged in similar activities 
with boys since adolescence. His past history 
revealed the fact that a little girl had exposed 
herself to his view when he was six (6) years 
old. In some way or other his mother found 
out about the episode, and warned him that 
if he ever did it again she would cut off his 
sexual organ with a butcher knife. “It scared 
me to death when she said that, I'll never 
forget it.” He had absolutely no interest in 
the opposite sex. 

This type of patient can be 
dangerous, 


Very 
especially if his aberrant 
compulsion is combined with alcohol- 
ism. His mother undoubtedly at least 
contributed to his deviant urges by her 
threat. This unfortunate threat was 
made at an age when it is normal for 
a small boy to develop an_ intense 
evaluation of his sexual organ and an 
equally intense fear of losing it.1® It is 
probable that his first view of female 
genitalia intensified his fear of castra- 
tion and made him more susceptible to 
the actual physical threat by his mother 
which followed shortly thereafter. For 
here, he saw a person without a male 
sexual organ. Many small boys do not 
know that there is a difference between 
the sexual organs of the male and fe- 
male. The unconscious expectation of 
castration, if he should ever display 
interest in women, apparently played a 
role in the pathological deviation of his 
impulses. 
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Cases such as this deserve the atten- 
tion of religion, psychiatry, and all 
other groups which are concerned with 
the emotional health of the individual. 
Similarly, it is very common for adults 
to threaten to “cut off” the sexual organ 
of a son who has been observed mas- 
turbating. A amount otf 
emotional illness of variable degree 
may result trom such ill-advised threats. 


Casr 7. M. E., a 22 year old white married 
woman, was brought into the hospital by her 
February 27, 1948, because of 
frequent crying spells, confusion, and a “feel- 
ing that something is going to happen to me. 
Examination revealed that the patient was 
suffering from schizophrenia.!* 

Her history revealed a life-long series ot 
failures to adapt to her environment. Cou- 
pled with this was gross mishandling and mis- 
understanding at the hands of those respon- 
sible for her emotional health, namely, her 
parents, teachers, ministers and at least one 
physician. She was the oldest of 7 children. 
‘When I was in the first grade another little 
girl told my teacher that I had cussed her 
(the teacher) out and the teacher told me 
that I needed more religion. I cried about st 
for days, even in school. I felt bad about it 
for a year.” Obviously, the remark by the 
teacher was extremely traumatic. “I was sure 
a nervous child. I failed the first grade be- 
cause my teacher was cross and picked on 
me all the time. At recess I wouldn't go back 
in. The teacher was 
or putting me in a corner or making me stay 
after school. I was mean. I had quite a few 
nightmares from my seventh to my fifteenth 
vear. They were usually of falling into a pit 
and falling hard. Dad would hit me hard and 
then ask my forgiveness. I would never for- 
give him and had a lot of hard feelings 
against him. He licked me until I was 17 
vears old.” It is apparent that no one made a 
serious effort to determine the causes of her 
anxiety, feelings of insecurity, or resent- 
ments.29 Instead, she was regarded as “bad” 
and was subjected to the “mailed fist” type 
of treatment throughout her childhood and 
adolescence. “When I was about 14 years 
old I started having trouble concentrating. 
The theory of evolution upset and depressed 
me. I searched every book I could get for 
information on it. I was looking for argu- 
ments in favor of the Bible as I had joined 
the —— Church when I was 12 years old. I 
felt a darkness coming about me. I told my 
teachers that I didn’t believe in evolution 
and they gave me the dickens.” Adolescent 


tremendous 


husband on 


always bawling me out 
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ontlicts deserve the study of educators in’ 


all fields.6.1° “The first time I really lost my 
mind was when I was 17 years old, at- 
tending the —— Theological School, which is 
run by the —— Church. I dreamed that I was 
married to the Superintendent’s son and then 
felt that I was really married to this boy for 
several months. I really hadn’t even been out 
with him. I wondered why I didn’t see him 
every night. Electricity or something must 
have been influencing me in some way or 
other then. When I told the superintendent, 
he bawled me out and then later took me to 
the doctor. The doctor told me I was merely 
oversexed and should get married.” 

The patient's description of her own 
acute schizophrenic episode shows 
that she was unacquainted with the 
fact that a surge of feeling for the op- 
posite sex is normal in adolescence.!° 
Instead, she attributed her feelings to 
“electricity or something.” Sex instruc- 
tion should be beg ‘gun comparatively 
early in childhood in a degree suitable 
to the age of the child,* and should 
be continuous and progressive in order 
to insure that emotional growth keeps 
abreast of physical and_ intellectual 
capabilities.“ 

Summary. 1. Religious leaders and 
psychiatrists have become increasingly 
aware of what each field has to offer 
the other. 

2. Pertinent notes from the case his- 
tories of 5 patients admitted to Colo- 
rado Psychopathic Hospital are _pre- 
sented and discussed to illustrate a few 
actual examples of how clergymen and 
psychiatrists have cooperated, to the 
benefit of the patient. The pastor and 


priest deal entirely with conscious ma- 
terial.** ‘The psychiatrist begins with 
conscious material, but, in addition, at- 
tempts to find the unconscious sources 
of inner conflict.!3!44 

3. One case was presented to illus- 
trate how a parent can be a factor in a 
son's development of a potentially dan- 
gerous type of sexual perversion by 
threatening the child for showing evi- 
dence of normal sexuality. A child 
should be given wholesome instruction 
on sexual matters consistent with his 
age at appropriate periods. Time and 
space did not allow a discussion in this 
paper of the enormity of the problem 
of sexual maladjustment, which is due 

part to the persistent emphasis of 
our culture on the “filthiness” of 
Sex. 23,35,39 

4. One case was presented: to illus- 
trate how an _ individual’s anxieties, 
feelings of insecurity and resentments 
were grossly misunderstood and mis- 
handled by all those responsible for her 
guidance to emotional maturity. 

5. No attempt was made in this re- 
view to present an exact division ot 
responsibility of religion and psychi- 
atry for mental hygiene. Such an at- 
tempt would be incomplete, as there is 
obvious overlapping in some areas, and 
too little definitive research has been 
done on the subject. It has been well 
stated** that the role of the clergyman 
in mental hygiene is primarily in the 
field of prevention, rather than in the 
province of cure. 
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BOOK REVIEWS AND NOTICES 


\rtas or BacrerioLocy. By R. Cranston 
Low, M.D., F.R.C.P.E., F.R.S.E., Univ. of 
Edinburgh, and T. C. Dopps, F.I.M.L.T. 
168 ills., 167 in color. Balt.: Williams & 
Wilkins, 1947. Price, $8.50. 

Tue need has long existed for an atlas of 
this type. The usual black and white illustra- 
tions seen in textbooks of bacteriology are 
poor substitutes for color reproductions of 
microorganisms. This atlas consists almost en- 
tirely of well chosen, accurate color plates 
illustrating the microscopic appearance of 
organisms in both body secretions and in cul- 
ture, as well as the appearance of tissue sec- 
tions, individual colonies, and agar slants. In 
addition to the pathogenic bacteria, spiroche- 

s, fungi, protozoa, and viruses are included. 

The reviewer highly recommends this at- 
las, to both the student and the clinical path- 
ologist A. R. 


STUDIES ON THE FORMATION OF CELLULAR 
SUBSTANCES DurING BLoop CELL Propuc- 
rion. By Bo THore ut, Karolinska Institute, 
Stockholm. Pp. 120; 58 ills. London: Henry 
Kimpton, 1947. Price, 12 shillings, net. 

Tus research publication gives quantita- 
tive data on the nucleoprotein content of 
erythroid and myeloid cells in various 
stages of hematopoiesis. A full discussion 
of the ultraviolet absorption technique is in- 
cluded. It was found that nucleoprotein 
content parallels cell growth and decreases 
with differentiation. Studies were also made 
on blood cells in various hematological dis- 


orders. 


RIVATE ENTERPRISE OR GOVERNMENT IN 
MepicineE. By Louis BaAvER 
M.D., F.A.C.P., Diplomate, American Board 
of Internal Medicine. Pp. 201. Springfield, 
Ill.: Charles C Thomas, 1947. Price, $5.00. 
By comparing the experience of Euro- 
pean compulsory health programs, and 
carefully analyzing the implications of va- 
rious proposed Congressional bills, the au- 
thor contends that Federal encroachment 
into medicine will be deleterious. The sub- 
stance of the several bills and the aims of 
the American Medical Association are also 
included. Although at times the analysis 
seems not impartial, this book lucidly sum- 
narizes both views. G. R. 


DisEASES OF THE EAR, NOSE AND ‘THROAT. By 
WaLLaAce Morrison, M.D., Prof. 
of Otolaryngology, New York Polyclinic 
Medical School and Hospital. Pp. 772; 359 
ills. New York: Appleton-Centiry-Crofts, 
1948. Price, $8.50. 

OricinaLLy published under a_ different 
title this book is now reissued in a completely 
revised edition. Many antiquated ideas have 
been discarded and the mode ‘mm otolaryngo- 
logic viewpoint incorporated in 44 well as- 
sembled, clearly expressed chapters. Although 
certain physiologic fundamentals are de- 
scribed, the author fails to discuss nasal pH 
and its relationship to nasal medication. 

This book has been written entirely for 
the undergraduate medical student and the 
general practitioner. The _ illustrations have 
been drawn by the author and are of the 
schematic-diagrammatic type; they are largely 
amplified forms of chalk drawings used to il- 
lustrate lectures as visual aids to “step-by- 
step” instruction in class-rooms. In_ their 
proper environment the illustrations are un- 
que stion: ibly very effective; as represented in 
the 359 illustrations, many of them are in- 
sien and perhaps confusing substitutes 
for more polished art-work. Precisely because 
the text is directed to non-spe cialists, it is dif- 
ficult to understand why the author has gone 
to such great lengths to illustrate the technic 
of radical mastoidectomy; radiography in the 
diagnosis of paranasal sinus disease; technic 
of the intranasal exenteration of the ethmoid 
cells; technic of the various intranasal and 
external sinus operations; and the technic of 
laryngofissure and laryngectomy. Especially 
ineffective are the mirror views of acute 
simple laryngitis, acute subglottic laryngitis, 
acute membranous laryngitis in diphtheria, 
atrophic laryngitis, contact ulcer and leuko- 
keratosis of the larynx—to name an important 
few. 

Despite some of its pictorial limitations, the 
revised work is a welcome contribution to 
the American otolaryngologic literature. 


N. F. 


THe EpirHetia OF WoMAN’s REPRODUCTIVE 
Orcans. By Gerorce N. PAPANICOLAOU, 
M.D., Herpert F. Traut, M.D., and An- 
prew A. Marcuerti, M.D. Pp. 53; 22 ills. 
New York: The Commonwealth Fund, 
1948. Price, $10.00. 
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LIS BOOK 

luis book presents a comprehensive study 
of the epithelial structures of the normal hu- 
man female genital tract. Emphasis is upon 
cytology, in keeping with the increasing im- 
portance of cytologic methods of study, par- 
ticularly of the female genital system, which 
from the author's 
work. The cytological details of the epithelia 
of the various organs constituting the system 
ie carefully correlated with one another and 
with the periodic changes attending the men- 
strual cycle. Physiologic aspects are not neg- 
lected. A comprehensive chart summarizes this 
functional and cytologic correlation. Much of 
the story is told by abundant illustrations, 
which include both photomicrographs and 
drawings. All except 1 of the 22 plates are in 
color and all are of excellent quality. So im- 
portant to the text are the illustrations that it 
would be very helpful if they were scattered 
through the text at appropriate intervals in- 
stead of being collected in the back of the 
book. It is disappointing to find drawings 
used, in one or two instances, to illustrate the 
high magnification detail of low power pho- 
tomicrographs. 

These points are, however, but trivial criti 
cisms of a carefully presented study that 
should be very instructive and useful to the 
gynecologist and to the pathologist who is 
concerned with the study of gynecologic prob- 


has stemmed senior own 


lems R. H. 


ATLAS OF PLastic SuRGERY. By Morron I. 
Berson, M.D., formerly Director, Depart 


ment of Plastic and Reconstructive Surgery, 


Downtown Hospital and Pan-American 
Clinic, New York. Pp. 304; illustrated. New 
York: Grune & Stratton, 1948. Price 
$15.00. 


luis book, unique in its field, is compara- 
ble to Cutler and Zollinger’s Atlas of Surgical 
Operations. It is timely, simple in its presen- 
tation, and so extensively and excellently illus- 
trated that no detail of technic escapes the 
reader. Although useful to experienced plas 
tic surgeons, its chief values will lie in its 
aid to the embryo plastic surgeon. The small 
but well-chosen bibliography (101 refer- 
ences) in a publication of this magnitude 
implies that the material is direct, brief and 
free of controversy. The emphasis on maxillo- 
facial surgery (30% of its 287 pages alone is 
devoted to corrective rhinoplasty and related 
operations) and the limitation of coverage on 
the plastic surgery of fresh injuries, burns and 
defects of the extremities do not suit it for 
widespread use among general surgeons. The 
author’s large experience in the performance 
of nasal plastic has provided a rich back- 
ground for the chapter on this subject, in 


REVIEWS 


AND NOTICES 

which he amply demonstrates his ability. He 
elucidates the problem concerning the rela 
tion of the deviated nasal septum and external 
rhinoplasty and describes examples of numer 
ous types of deformities and their repair. The 
prediction is unhesitatingly that this 
well received. H. BR 


made 
volume will be 


PSYCHIATRY FOR THE PEDIATRICIAN. By HAL! 
F. SumLey, M.D., Assoc. Prof. of Pediatrics 
and Psychiatry, Stanford Univ. School of 
Medicine. Pp. 442. New York: Common- 
wealth Fund, 1948. Price, $4.50. 
le title indicates a difficult job. Dr. Shir 

ley begins with a typical day in the life of 

an intern in a busy out-patient clinic, goes on 
through habit training, brain defects, intelli 
gence testing, emotional and sexual develop 
ment, environmental factor to the wide prob 
lem of mental health in a changing world. In 
covering a great deal of territory for the ps 
diatrician’s benefit few things 
which a psychiatrist would say were wrong 

(some of the emphasis in the treatment ot 

enuresis, for example) and much which th« 

psychiatrist would say was superficial. But 
the bibliographies at the end of each chapte1 
are excellent and can be used for further read- 
ing and the author covers much that is not 
attempted in the child guidance clinics. 

This book valuable for thos: 
to whom it is addressed. 
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IDENTIFICATION OF Tumors. By N. CHANDLE! 
Foot, M.D., Prof. of Surgical Pathology 
Cornell Univ. Medical College. Pp. 397 
241 ills. Phila.: ]. B. Lippincott, 1945 
Price, $6.00. 

Tus is essentially a handbook for the gros 
and microscopic diagnosis of human tumors 
Each neoplasm is considered from the stand 
point of source, site, gross appearance, micr 
scopic appearance, age and sex of patient 
and signs and symptoms produced. A conve1 
ient 35 page “tabular locator” subdivides ti 
mors according to distribution and offers 
short differential diagnosis on the basis 
microscopic appearance. Included in the t 
are sections on eye and brain tumors. Diff 
ential staining reactions are mentioned wh« 
they may be useful. The section on the ly: 
phoid tissue presents the usual confused pi 
ture of this field and splits from the unknov 
a few more sub-types, such as the monocyt 
pleomorphic and anastomotic type of retotl 
lial sarcoma. The illustrations, an importaut 
element in a handbook of this sort, are num 
ous but many are not well enough reproduc: d 
to be helpful in guiding to the identification 
of given tumors. I. Z. 
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NEW BOOKS 


Nursing for the Future. By Estrner Lucite 
Brown, Ph.D. Pp. 198. New York: Russell 


sage Foundation, 1948. Price, $2.00. 


MAXINE 
MecGraw- 


Womans Medical Problems. By 
Davis. Pp. 242. New York: 


Hill, 1948. Price, $3.00. 


Pathology. Edited by W. A. D. ANDERSON, 
M.A., M.D., F.A.C.P., Professor of Pathol- 
ogy and Bacteriology, Marquette Univ. 
Scnool of Medicine. ip. 1453; 1183 ills, LO 
color plates. St. Louis: C. V. Mosby, 1948. 
Price, $15.00. 


Man-Made Plague. By G. NieDER- 
LAND, M.D., Formerly Protessor of Medical 
Psychology and Philosophy, University of 
Tampa. Pp. 304. New York: Renbayle 

1948. Price $3.50. 


House, 


Die Organisation des Vegetativen Nerven- 
Systems. By W. R. Hess, Prof. der 
Physiologie, Univ. Ziirich. Pp. 226; 80 ills. 
Basel: Benno Schwabe; New York: Grune 
& Stratton, 1948. Price, $5.60. 


The Rh Blood Groups and Their Clinical 
Effects. By P. L. Moxutson, A. E. Mov- 
RANT, and R. R. Race. Medical Research 
Council, Memorandum 19. Pp. 74. London: 
His Majesty's Stationery Office, 1948. Price, 
ls. 6d. net. 


\nnual Review of Biochemistry. Vol. XVII. 
Edited by J. Murray Luck, Huperr S. 
Lorinc, and Gorpon Mackinney. Pp. 
801. Stanford, Cal.: Annual Reviews, Inc., 
1948. Price, $6.00. 

Tuis latest volume of a valuable series 
maintains the purpose and high standards 
set by the earlier volumes. Twenty-seven 
separate topics have been contributed by 
experts in their respective fields. + 

Besides such usual subjects as “Biological 


Oxidations and Reductions”, “Carbo- 
hydrate Metabolism”, “Lipid Metabo- 
lism”, and “The Vitamins”, the present 
volume contains good reviews on_ less 


frequently treated phases such as Non- 
oxidative Enzymes (J. B. Sumner), 
Chemistry of the Immunopolvsaccharides 
(W. N. Haworth and M. Stacev), X-rav 
Crystallographic Studies (D. Crowfoot). 
Photosvnthesis (E. C. Wassink), and 
Bacterial Metabolism (I. C. Gunsalus). Of 
perhaps more pertinent clinical interest 
ire reviews on The Metabolism of Drugs 
ind Toxic Substances (O. Bodanskv). 
Clinical Aspects of Vitamins (T. D. Spies), 
The Biochemistry of Carcinogenesis (H. 


BOOK REVIEWS AND 


NOTICES 


P. Rusch and G. A. 


LePage), and The 
Chemistry of Penicillin (E. Chain). 


D. D. 


Edinburgh Post-Graduate Lectures in Medi- 
cine. Vol. IV Edited by the HonyMan 
GILLESPIE COMMITTEE. “Pp. 579. Edin- 
burgh: Oliver & Boyd, Ltd., 1948. Price, 
18s. net. 

“THe lectures which comprise _ this 
volume have been delivered and published 
under a grant received by the Executive 
Committee of the Edinburgh  Post- 
Graduate Courses. ... The present series of 
lectures, given during the later stages of 
the war and immediately after it, deal 
largely with the wartime experiences and 
activities of the lecturers.” 


Pediatrics and the Emotional Needs of the 
Child. Edited by Heten L. Wrrmer. Pp. 
180; 16 ills. New York: The Common- 
wealth Fund, 1948. Price, $1.50. 

Tuts book contains the opinions of 
pediatricians, psychiatrists, and social 
workers who had been assembled by the 
Commonwealth Fund to clarify the posi- 
tion and responsibilities of the pediatrician 
in the treatment of the “child as a whole”. 
The discussion topics inclide the following: 
emotional growth and development of the 
child; mental health and the pediatrician: 
programs and problems in the teaching of 
pediatrics and mental health: integrative 
efforts of the pediatrician, child psychia- 


trist and social worker. G. R. 
Advances in Protein Chemistry. Vol IV. 
Edited by M. L. Anson, Continental 


Foods, Hoboken, and Joun T. 
Harvard Medical School. Pp. 575; 13 ills. 


New York: Academic Press, 1948. Price. 
$8.50. 
Tuis 4th annual volume continues the 


fine record of earlier vears bv presenting 
critical reviews of selected subjects in the 
chemistry of proteins and amino acids. The 
current topics reviewed and their authors 
are: Protein Gels, J. D. Ferrv: The Inter- 
action of Proteins and Synthetic Deter- 
gents, F. W. Putnam: Proteins of Patho- 
senic Bacteria, A. M. Papnenheimer, Jr.: 
The Plasma Proteins in Disease, A. B. 
Gutman; Preparative Electrophoresis and 
Toniphoresis, H. Svenson: Stereochemistrv 
of Amino Acids, A. Neuberger: X-rav 
Studies of Amino Acids and Peptides. 
R. B. Corev: and Heme Proteins, J. 
Wvwman, Tr. 

Investigators in manv fields will find 
something of interest and value in these 
reviews. H. V. 


BOOK 


NEW EDITIONS 
DIsEASES OF THE SKIN. By OLIver S. ORMs- 

By, M.D., Rush Prof. of Dermatology Emer- 

itus, Univ. of Illinois, and HAMILTON MOoNT- 

GOMERY, M.D., M.S., Asst Prof. of Der- 

matology and Syphilology, Mayo Founda- 

tion, Univ. of Minnesota. 7th ed. Pp. 1465; 

764 ills., 18 in color. Phila.: Lea & Febi- 

ger, 1948. Price, $18.00. 

[He co-authorship begun in the 6th Edition 
of this text has now produced a revised vol 
ume which fulfills the highest expectations of 
the reader. Not only has the previous high 
quality of this work been continued, but va- 
rious improvements have been achieved. 
Without materially increasing the size (by 
100 pages) the 7th Edition contains more 
than 100 new black and white illustrations 
and 11 new color-illustrations. A number of 
diseases not previously included have been 
added and many sections have been _thor- 
oughly revised with the aid of contributing 
experts. Among the revised parts particularl 
worthy of note are Tropical Diseases, Syph- 
ilis, Chemistry and Physiology of the Skin, 
Peripheral Vascular Diseases, and Mycology 

Aside from minor defects in form, the re 
viewer has little to criticize in this book. This 
edition insures it the position of leader in its 


field H. B. 


An Index of Treatment. Edited by Sir Ros- 
ERT Hutcuison, Bt., M.D., LL.D., F.R.C.P 
London Hospital. Assisted by RecinaLp 
Hitton, M.D., F.R.C.P., Wembley Hos 
pital. 13th ed. Pp. 972; 99 figs. Balt.: Wil 
liams & Wilkins, 1948. Price, $17.00. 


Practice of Allergy. By Warren T. VAUGHAN, 
M.D. Revised by J. Harvey Biack, M.D. 
2d ed. Pp. 1132; 333 ills. St. Louis: C. \ 
Mosby, 1948. Price, $15.00. 


\ Textbook of Dietetics. By L. S. P. Davin 
son, M.D., Prof. of Medicine and Clinical 
Medicine, Univ. of Edinburgh, and Ian A 
ANDERSON, M.B.E., B.Sc., Lecturer in Clin 
ical Chemistry, Univ. of Aberdeen. 2d ed. 
Pp. 517. New York: Paul B. Hoeber, 1948 
Price, $6.00. 

\ Manual of Clinical Therapeutics. By Winv- 
sor C, Curtinc, M.D., Prof. of Therapeu- 
tics, Stanford Univ. School of Medicine. 
2d ed. Pp. 712; 30 ills. Philadelphia and 
London: W. B. Saunders, 1948. Price, 
$5.00. 

THis Manual covers practically every 
medical condition that the physician will 
ever meet. It names the appropriate drugs, 
with average doses. It discusses diet, nurs- 

ing care and other general measures so es- 
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sential for proper management ot medical 
patients. It also includes a large number of 
useful tables and other information in the 
Appendix Sections. It should prove very 
useful for interns and general practitioners 


Textbook of Embryology. By Harvey Ernesi 
Jorpan, Ph.D., Se.D., Prof. of Anatomy 
and James Ernest Kinprep, Ph.D., 
of Anatomy, Univ. of Virginia. 5th ed. Pp 
613; 31 ills. New York: D A ppleton-Cen 
tury, 1948. Price, $7.50. 

Tus well-written text should satisfy thé 
needs of both physician and student. Thi 
recent investigations on 7 to 11 day old hu 
man embryos are well summarized, although 
the hormonal control of pregnancy and 
menstruation is slighted. Ontogenesis is un 
folded in an easily understandable manner 
Each chapter summarizes pertinent experi 
mental data and lists some common anom 


alies. G. R. 


Gynecological and Obstetrical Anatomy. By 
S. F. V. SmMout, M.D., M.R.C.S., Univ. of 
Birmingham. 2d. ed. Pp. 248; 185. ills., 
many in color. Balt.: Williams & Wilkins, 
1948. Price, $11.00. 

Tuis little handbook of Anatomy is well 
prepared. It is limited to one particular re 
gion, combining gross and microscopic fea- 
tures of that region. It is well illustrated 
with many drawings, some photographs and 
photomicrographs, and a number of color 
plates. The amount of color in the book un 
doubtedly accounts for the extraordinarily) 
high price for so small a volume. W.W. 


Manual of Veterinary Bacteriology. By Ray 
A. Keser, D.V.M., A.M., Ph.D 
and Harry W. ScHOENING, V.M.D. 5th ed 
Pp. 767; 99 ills. Balt.: Williams & Wilkins 
1948. Price, $6.50. 

THE text contains preliminary sections 01 
bacteriologic classification, morphology, and 
methods, followed by brief pertinent dis 
cussions of bacterial variation and _ infe: 
tion and immunity. As the veterinary bact 
riologist must often be responsible for \ 
rious diagnostic laboratory procedures, se: 
tions on protozoa, filtrable viruses an 
rickettsiae, serology, hematology, and th 
preparation of veterinary biological pro 
ucts are also included. The original illu 
trations contribute greatly to the unde: 
standing of theoretical concepts. This 
vised edition will be welcomed not on 
by the veterinary profession but also | 
all who are interested in the pathogene 
of infectious diseases in animals. R. N. 
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